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TPH CRITERIA WORKING GROUP DEMONSTRATION 
FIELD SAMPLING REPORT: 

MARINE CORPS AIR STATION, EL TORO, CA 

1.0 INTRODUCTION 

The Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG or Working Group) has 
developed an approach for establishing risk based criteria for weathered petroleum hydrocarbon 
contaminated sites. The approach varies from standard total petroleum hydrocarbon (TPH) 
assessments in the petroleum hydrocarbon analyses performed on the samples and in the risk 
analyses undertaken to assess the requirements for cleanup of the site. The Working Group 
approach utilizes TPH fractionation analysis and assesses additive risk of the TPH fractions, 
using toxicity values assigned to each fraction based on representative chemicals within the 
fractions. It is consistent with the current scientific practice of assessing complex mixtures of 
chemically related constituents. This approach results in development of human health Risk 
Based Screening Levels (RBSLs) specific to the site and contaminant composition (TPHCWG, 
1998a, b,c and d). 

Operational Technologies Corporation (OpTech) is contracted by the U.S. Air Force Research 
Laboratory, Operational Toxicology Branch (AFRL/HEST, formerly Armstrong Laboratories, 
Toxicology Division) to conduct field demonstrations utilizing the Working Group approach for 
sample analysis and risk assessment. The purpose of the program is to demonstrate the risk- 
based hydrocarbon fractionation methodology and to collect data necessary to compare the 
Working Group approach to current state methods. This approach, if accepted by the regulatory 
community, could assist government and private industry in focusing remediation efforts on 
those sites which pose a significant risk to human health and the environment. 

Two former Underground Storage Tank (UST) sites with residual TPH contamination were 
chosen for the Demonstration Program. These sites are located on the Marine Corps Air Station 
(MCAS), El Toro, California. Field sampling operations for the demonstration were conducted 
from August 27 through September 4,1997. 

The purpose of this report is to describe the sampling activities involved in this demonstration 
project and to report and evaluate the analytical results. A detailed Risk Based Corrective Action 
(RBCA) analysis of the fractionation data has been conducted by Remediation Technologies, Inc. 
(RETEC) and is presented in the Appendix. 

1.1 Facility Description 

The MCAS El Toro (the Station) was established in 1942 as an operational training facility for 
Marine Corps pilots. The mission of the Station has been to maintain and operate facilities and to 
provide services and materials to support aviation activities for the units of the Marine Corps 



operating forces. The Station is planning for closure and disposal by July 1999 in accordance with 
the Base Closure and Realignment Act. 

The MCAS El Toro is located in Central Orange County, California, approximately 45 miles 
southeast of Los Angeles. The Station comprises approximately 4,738 acres, of which 
approximately 800 acres are designated for agricultural out lease. Geographically, the Station is 
located on the southeastern edge of the Tustin Plain. Sloping gently to the west-southwest, the 
Station crosses the Tustin Plain and extends into the Santa Ana Mountains. Land surface elevations 
at the Station are approximately 215 feet above mean sea level (MSL) at the western corner and rise 
to approximately 800 feet MSL at the eastern corner. The topography in the immediate area of the 
two former UST sites is relatively flat (Bechtel National, Inc., 1996). 

1.1.1 Site 529 Description and History 

Site 529 is located in the southeastern quadrant of the base. The site is northeast of Building 529. 
On the eastern side, L Street borders the site; 14th Street borders the northern side. Building 529 
was originally constructed in 1944 as the Station Laundry Boiler Plant. Historical data indicate the 
tank was an underground 25,000 gallon rectangular concrete tank used for heating oil to supply the 
laundry boiler. Historical data are incomplete for this UST and the contamination at the site had 
not been fully delineated at the time of the OpTech field operations. 

The UST and associated piping at Site 529 were removed in June, 1997 by OHM Remediation 
Services Corporation (OHM) (Figure 1). An Orange County Health Care Agency Field Inspector 
was present during the UST removal and sampling activities. The site was excavated to a depth of 
approximately 19 feet. Soil sampling within the excavation resulted in TPH-diesel (TPH-d) 
concentrations ranging from non-detectable to a maximum of 53,000 mg/kg. TPH-Motor Oil 
concentrations ranged from non-detectable to a maximum of 20,000 mg/kg. Low levels of 
benzene, toluene, ethylbenzene and xylene (BTEX) constituents were detected from the center of 
the site to the northeast end of the building at depths of 8 to 19.5 feet below ground surface (bgs). 
TPH of charcoal-like consistency was detected at several soil sampling locations within the tank 
excavation at the site. This highly carbonized form of TPH may be the result of a former heating 
line which ran along the fuel tank, essentially baking the leaked fuel. 

The Station laundry was located near the site in Building 24A. Soil gas analyses near the building 
identified perchloroethylene (PCE) levels of 1.1 ng/L at 20 feet bgs. Soil PCE concentrations of 8 
"J" to 120 "J" ug/kg at 12 and 28 feet bgs, respectively, were detected in 1994. "J" indicates an 
estimated value (Jacobs, 1994). 



1.1.2 Site 380A Description and History 

Site 3 80 A is in the northeastern quadrant of MC AS El Toro. The site is located west of Building 
380 within a storage yard area (Figure 2). Historical records for Site 380A indicate that a UST and 
associated piping were installed at the site in 1954 as part of the site emergency power generation 
system. The 10,000 gallon UST was cylindrical in shape, constructed of carbon steel and was laid 
in the ground horizontally. No spill-containment system was installed in conjunction with the tank 
(Bechtel National, Inc., 1996). 
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Figure 1. Site 529 
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Figure 2. Site380A 

The UST and associated piping at Site 380A were removed in 1993 by American Processing, Inc. 
An Orange County Health Care Agency Field Inspector was present during the UST removal and 
sampling activities. The total depth of the excavation for the UST is believed to be 14 feet. Five 
samples were collected from the UST excavation and spoils pile at the time of removal. Based on 
the results from the first round of samples, two additional samples were collected from the piping 
trench at a later date and analyzed for TPH and BTEX. TPH contamination was identified at the 
north end of the UST excavation (15,000 mg/kg TPH at 14 feet bgs) and at the north end of the 
piping trench (4,100 mg/kg TPH at 5 feet bgs). TPH and toluene contamination was also found in 
samples from the spoils pile corresponding to the material removed from the north end of the 
excavation (320 mg/kg TPH and 0.01 mg/kg toluene). Bechtel National, Inc., took two soil borings 
at Site 380A in 1996 as part of the site assessment. Samples from those borings showed TPH 
contamination at a reported maximum of 13,000 mg/kg at 26 feet bgs (Bechtel National, Inc., 
1996). 



2.0 OBJECTIVES OF THE DEMONSTRATION PROJECT 

The main objectives of the demonstration project are listed below: 

• To apply the Working Group approach in a field situation. 
• To compare the analytical results from the direct fractionation method with those from 

conventional methods and to evaluate their interchangability. 
• To compare and contrast the RBSLs developed using the Working Group approach to the state 

mandated LUFT (Leaking Underground Fuel Tank) clean-up criteria. 
• To assess the Working Group approach for consistency and effectiveness in evaluating similar 

weathered sites and to identify sources of variability in RBSLs. 

As stated earlier, the primary purpose of this report is to describe the sampling and analytical 
procedures involved in this particular demonstration project and to evaluate the analytical data. A 
Tier 1 RBCA analysis of the fractionation data and a comparison of analytical techniques are 
presented in the Appendix entitled "TPH Criteria Working Group Field Demonstration" by 
RETEC. RBSLs were also calculated by OpTech as a quality control measure on the data and 
spreadsheets used for the assessment. 

3.0 SAMPLING APPROACH 

OHM was the Naval Facilities Engineering contractor for the MCAS El Toro UST Program at the 
time this demonstration field sampling program was undertaken (i.e., August 25th through 
September 4*, 1997). OHM had contracted with BC2 Environmental Drilling Company to perform 
drilling operations at Sites 380A and 529 for the demonstration. The soil sampling program was 
designed to provide screening levels of TPH concentrations prior to specifying which samples 
would be submitted for the TPH fractionation analysis. The first three soil borings (529SB-01, 
529SB-02 and 380ASB-02A) were cored continuously from a depth of 5 feet bgs to total depth 
(Figures 1 and 2). Hand augering was used to forward the hole to a depth of 5 feet prior to 
commencing drilling operations. The continuous cores were used to identify discontinuities in 
lithology that may act as either a retardant or conduit to vertical migration of contaminants 
through the subsurface and to identify potential areas of contamination through odor and/or 
discoloration. 

Samples from the continuous cores were screened using a photo-ionization detector (PID) in the 
field. Hydrocarbon staining and odor were noted in the lithologic descriptions as well as PID 
readings. Based on the field PID values, soil samples from these borings were collected in 18- 
inch brass sleeves, consisting of three 6-inch samples. The samples were labeled with the date, 
boring location, depth and analytical procedure and were stored on ice in coolers. The samples 
were then submitted by OHM to EMAX Laboratories, Inc., Torrance, California, for TPH and 
BTEX fixed base laboratory analysis with a 24 hour turn around time on results. Therefore, the 
data on the sample analyses were made available to the field sampling program members within 
36 hours of the completion of the soil boring; however due to a holiday weekend and an overload 
of lab samples, the turn around time for sample results from soil borings 380ASB-02B and 
529SB-05 took over five days. The screening data were used to identify zones of TPH impact 



with greater certainty and to select which corresponding samples (i.e., the adjacent brass sleeve 
samples which were sent to Lancaster Labs) should have fractionation analysis run. 

Soil borings 529SB-03, 529SB-04, 529SB-05 (Figure 1) and 380A SB-02B (Figure 2) were 
sampled utilizing a split spoon sampler with brass sleeves forwarded through the auger flight. 
Samples were collected in one and one-half foot increments, filling three six-inch brass sleeves 
per split spoon. The soil sample in the shoe of the split spoon was collected and placed in a 
closing plastic bag for PID screening; a lithologic description was taken. The ends of the 
contiguous brass sleeves from the bottom-most foot of the sampling interval were then closed 
with Teflon sheets and plastic caps to preserve volatiles within the undisturbed samples. One of 
the two brass sleeves was submitted by OHM for TPH, BTEX and synthetic precipitation 
leaching procedure (SPLP) analysis and the other was submitted by OpTech for fractionation 
analyses. Immediately after being capped, these brass sleeved samples were enclosed in plastic 
bags and placed on ice in coolers for shipment. 

Samples sent to EMAX Laboratories for TPH (M8015) and BTEX analyses were taken from 
depths identified using PID field screenings and the analyses from the previous continuous core. 
The samples from the contiguous brass sleeve collected by OpTech were shipped in ice-packed 
coolers to Lancaster Laboratories, Lancaster, Pennsylvania, via FedEx overnight express, for the 
fractionation analysis. Additional samples surrounding the primary zone of interest were also 
shipped to Lancaster for them to hold prior to selection of samples to be analyzed. The samples 
to be analyzed for hydrocarbon fractionation were chosen based on the results of the TPH 
analyses from EMAX. 

3.1 Geotechnical Samples 

Geotechnical analyses of boring samples were obtained to characterize the soils at the two sites. 
The RBCA standard, used to calculate RBSLs, already provides Tier 1 default geotechnical 
parameters to conservatively account for cross-media impact. However, site-specific 
geotechnical data can be used to reduce the uncertainty of contaminant transport modeling in a 
Tier 2 assessment. As explained later, a Tier 2 assessment was not performed for this 
demonstration project because the extent of TPH contamination was not fully delineated. The 
cost of complete characterization was beyond the scope of this project. 

Geotechnical analyses completed included: grain size, total organic carbon (TOC), bulk density, 
particle size, permeability, porosity, hydraulic conductivity and moisture. Ninyo and Moore 
Laboratories, in Los Angeles, California, performed this analysis. Background soil samples from 
above and below the contamination were submitted for particle size and TOC analysis. Other 
geotechnical analyses were performed on samples taken at points of lithologic variation 
identified by the soil borings. 
Data such as porosity, permeability and particle size distribution are used to define the ability of 
contaminants to be transported through the soil from the source. Having data on the pH of the 
soil assists in understanding what changes occur to the contaminants as they migrate. TOC data 
collected through these tests help to define the fate of the contaminants, as organic materials 
trapped in the soil will adsorb some contaminants. 



Moisture content is a prerequisite for other required analyses such as bulk density; therefore it is 
required to attain results in other tests. Porosity is necessary to calculate the flow velocity of the 
unsaturated zone. Dry bulk density is a direct input into the transport equations used by the 
RBCA model. The hydrometer particle size distribution test for particles of clay size is very 
useful to ascertain the actual clay content of the soil, which had been described in the boring logs 
as sand and non plastic fines. The soil tended to be cohesive when damp, which indicates the 
presence of some plastic clay minerals. 

Some samples were collected from soil piles. The initial soil samples collected from the borings 
for the geotechnical analyses (approximately 12 samples in either 24 ounce jars or 2-inch by 6- 
inch long brass sleeves) were not sufficient for all analyses requested. Therefore, additional 
samples were taken from the soils piles and the remaining brass sleeved soil samples from the 
drilling activities. The samples were packed in plastic bags and forwarded to the lab for grain 
size analyses. The soil generally fell within one of three types: medium to coarse sand, silty fine 
grained sand and sandy silt. In order to run some of the analyses from the soil pile samples, the 
laboratory repacked the samples; this was necessary primarily for the permeability analyses. 
Repacked samples are better for characterizing horizontal rather than vertical conductivity due to 
the loss of natural stratification. 

Moisture content and dry density of relatively undisturbed samples were evaluated in accordance 
with American Society for Testing and Materials (ASTM) D 2937-94. Gradient analysis tests, 
including hydrometer analyses of soil passing the No. 200 sieve, were performed on soil samples 
in general accordance with ASTM D 422-63. Soil pH and specific gravity tests were performed 
on representative samples in according to California Test Method 643 and ASTM C 128-93, 
respectively. Total porosity of relatively undisturbed samples was calculated using the moisture, 
density and specific gravity results. EPA Method 9060 was used to evaluate the total organic 
carbon content in selected samples. 

4.0 ANALYTICAL RESULTS 

4.1 Conventional Analytical Results From Site 529 

At Site 529, soil samples were collected from five boring locations, 529SB-01, 529SB-02, 
529SB-03, 529SB-04 and 529SB-05, identified in Figure 1. Soil samples from soil borings 
529SB-01 and 529SB-02 were taken by way of continuous coring with an auger rig. Soil 
samples from soil borings 529SB-03 through 529SB-05 were taken in brass sleeves within split 
spoons at five foot intervals from 20 feet bgs to total depth of each boring. Table 1 lists the 
samples results. 



TABLE 1. SITE 529 SOIL ANALYTICAL RESULTS 

Lab/ Sample 
Number 

Depth 

(ft) 

Sample Description PID 
VOC 
(ppm) 
Field 

BTEX 
8020 

(mg/kg) 
EMAX 

TPH 
8015M 
(mg/kg) 
EMAX 

Purge & 
Trap 

5030/8015 
(mg/kg) 
EMAX 

SPLP 
1312 

(mg/L) 
EMAX 

Moisture 
% 

Boring 529SB-01 
18292- 
529SB-01- 
563 

11 Sand, 90% fine sand to med 
sand, 10% nonplastic fines, 
poorly graded, dk olive brn, 
si. moist, HC odor. 

68 ND 9.8 

18292- 
529SB-01- 
564 

26 Sand, 90% fine sand, 10% n- 
p fines, poorly graded, olive 
brn, strong HC odor. 

208 B-ND 
T-ND 
E-2.1 
X-2.3 

14000 
EC9-28 

4.8 

18292- 
529SB-01- 
565 

55-60 Sand, 90% fine sand, 10% n- 
p fines, poorly graded, with 
streaks of silt, yel brn, strong 
HC odor. 

232 18000 
EC9-29 

10.1 

18292- 
529SB-01- 
566 

65-70 Sand, 90% very fine sand, 
10% n-p fines, olive yel, 
strong HC odor 

252 15000 
EC 10- 
28 

6.9 

Boring 529SB-02 
18292- 
529SB-02- 
567 

47 Silty Sand, 70% very fine 
sand, 30% n-p fines, dk yel 
brn, strong HC odor 

214 22000 
EC7-30 

10.5 

18292- 
529SB-02- 
568 

60 Sandy Silt, 60% n-p fines, 
40% fine sand, fractured, 
Calcium carbonate filling 
voids and along bedding 
planes, friable 

230 25000 
EC9-29 

11.8 

18292- 
529SB-02- 
569 

78 Sand, med, poorly graded, 
olive yel, si moist, loose, 
strong odor 

242 28000 
EC7-29 

11.5 

18292- 
529SB-02- 
570 

94 Sand with Gravel, med, pea 
to 1" rounded gravel, HC 
odor 

167 9500 
EC9-27 

12.2 

18292- 
529SB-02- 
571 

100 Sand, med to coarse, poorly 
graded, light yel brn, loose, 
HC odor 

175 21000 
EC9-29 

4.6 

18292- 
529SB02- 
572 

101, 
hydro- 
punch 

Groundwater sample NA B-0.53 
T-2.6 
E-4.8 
X-0.28 
(mg/L) 

0.82 

(mg/L) 
EC 10- 
25 

NA 

Boring 529SB-03 
529SB-03- 
580 

5 Sand , 90% fine to med. sand, 
10% non plastic fines, dk yel 
brn, dry to si moist 

0.9 ND 220 
EC 16- 
33 

ND 5 

529SB-03- 
581 

20- 
20.5 

Sand, 95% fine to med, 5% 
n-p fines, yel brn, si moist 

0.9 ND ND ND 
" 

16.2 



Lab/ Sample Depth Sample Description PID BTEX TPH Purge & SPLP Moisture 
Number (ft) VOC 8020 8015M Trap 1312 % 

(ppm) (mg/kg) (mg/kg) 5030/8015 (mg/L) 
Field EMAX EMAX (mg/kg) 

EMAX 
EMAX 

529SB-03- 35 Silty Sand, 70% fine sand, 1.0 ND ND ND - 14 
582 30% n-p fines, dark yel brn, 

si moist 
529SB-03- 40.5 Sandy Silt, 80% n-p fines, 0.4 ND ND ND - 18.5 
583 20% v fine sand, dk yel brn, 

si moist 
Boring 529SB-04 
18292-584* 20 Sand, 90% fine to med. sand, 

10% n-p fines, dk brn, si 
moist 

127 B-ND 
T-ND 
E-1.4 
X-1.5 

15000 
EC9-29 

460+ 12.2 

18292-585 30 Silty Sand, 75% fine to med. 
Sand, 25% n-p fines, dk yel 
brn, si moist 

17.9 B-ND 
T-ND 
E -0.97 
X -0.85 

4400 
EC 10- 
25 

200+ 9.3 

18292-586* 60 Silty Sand, 80% fine to med 
sand, 20% n-p fines, yell 
brn, si moist 

221 B-ND 
T-1.5 
E-3.6 
X-12.5 

24000 
EC9-29 

650+ 4.0 
EC9-31- 

12 

18292-587* 80 Silty Sand, 75% fine to med 
sand, 25% n-p fines, dk yel 
brn, si moist, HC odor 

269 B-ND 
T-1.7 
E-3.8 
X-12.0 

13000 
EC9-28 

700+ 9.5 

18292-588 90 Silt, 100% med. Plastic clay, 
It olive brn, very stiff, si 
moist 

130 B-ND 
T-0.62 
E-2.4 
X-7.0 

14000 
EC9-26 

710+ 11.7 

18292-589* 95 Silty Sand, 75% fine to med 
sand, 25% n-p fines, yel brn 

41 B-ND 
T-ND 
E-0.44 
X-1.2 

10000 
EC 10- 
25 

340+ 2.2 
EC 10- 
25 

5 

18292-590 100 Sand, 90% fine to med sand, 
10% n-p fines, yel brn, very 
moist 

11.5 B-ND 
T-ND 
E-ND 
X-ND 

ND ND 16.7 

18292-591 100.5 Water ND ND ND - 16.7 
Boring 529SB-05 
18292-593* 20 Sand, 90% fn to med., 10% 

n-p fines, dk yel brn, si 
moist, loose, strong HC odor 

157 B-ND 
T-ND 
E-1.36 
X-1.9 

7400 
EC9-34 

290+ 3.9 

18292-594* 25 Silty Sand, 60% fine sand, 
40% non to low plastic fines, 
very dk gray brn, loose 

175 B-ND 
T-0.45 
E-2.0 
X-1.90 

20000 
EC9-32 

440+ 17.0 

18292-595 35 Silty Sand, 70% fine sand, 
30% n-p fines, dk yel brn, dk 
gray at places, strong odor 

176 B-ND 
T-ND 
E-0.33 
X-0.44 

1800 
EC 10- 
29 

110+ 11.9 



Lab/ Sample 
Number 

Depth 

(ft) 

Sample Description PID 
VOC 
(ppm) 
Field 

BTEX 
8020 

(mg/kg) 
EMAX 

TPH 
8015M 
(mg/kg) 
EMAX 

Purge & 
Trap 

5030/8015 
(mg/kg) 
EMAX 

SPLP 
1312 

(mg/L) 
EMAX 

Moisture 
% 

18292-596* 50 Silty Sand, 80% fh-med sand, 
20% n-p fines, dk yel brn, si 
moist 

358 B-0.42 
T-2.2 
E-4.4 
X-16.8 

22000 
EC9-28 

770+ 14 

18292-614* 75 Silty Sand, 80% fine sand, 
20% n-p fines, It olive brn, si 
moist, HC odor 

62 B-0.3 
T-1.6 
E-4.9 
X-11.7 

19000 
EC9-29 

620+ 5.8 
EC7-30 

12 

529SB05- 
77* 

75- 
75.5 

Field duplicate of above 
samples 

62 

18292-600 84 Sand, 95% fn-med sand, 5% 
n-p fines, yel brn, si moist 

174 B-0.22 
T-1.9 
E-0.3 
X-12.0 

11000 
EC 10- 
26 

400+ 4.3 

18292-597 85 Same as above 113 B-0.2 
T-2.0 
E-3.5 
X-13.0 

13000 
EC 10- 
26 

500+ 6.4 

18292-598* 100 Sand, 95% fn-med sand, <5% 
n-p fines, It olive brn, moist, 
HC odor 

174 B-ND 
T-1.2 
E-2.6 
X-7.5 

24000 
EC 10- 
28 

600+ 4.7 

Notes:   * indicates fractionation analysis (Direct Method) was also run on this sample 
Blanks indicate that the analysis was not run on that sample. 
A Hyphen (-) in the cell of the table indicates that analysis was not performed on sample, 
brn = brown; dk = dark; HC = Hydrocarbon; It = light; med = medium; n-p = nonplastic; NA • 

Applicable; si = slightly; VOC = volatile organic carbon; yel = yellow 
Not 

The total depth of borings was originally anticipated to be approximately 150 feet bgs for at least 
the first soil boring; the total depth of subsequent borings was to be determined based on findings 
from the first soil boring. Soil boring 529SB-02 encountered wet samples in the continuous core 
from approximately 102 to 105 feet bgs, at which point the boring was halted. The depth of the 
water level was measured the next morning and was determined to be 101 feet bgs. A water 
sample was taken from this boring for TPH analysis. TPH (0.82 mg/L in the effective carbon 
(EC) 10-EC25 range), benzene (0.53 mg/L), toluene (2.6 mg/L), ethylbenzene (4.8 mg/L) and 
xylene (0.28 mg/L) were detected in the water sample. Subsequent borings were drilled to a total 
depth of 100 to 100.5 feet bgs, which was estimated to be above the groundwater table based on 
the findings in boring 529SB-02. 

Ten samples, one of which was a field duplicate, and a trip blank were submitted to Lancaster 
Labs for TPH fractionation analysis based on the Direct Method. From soil boring 529SB-04, 
samples at 20, 60, 80 and 95 feet bgs were chosen for TPH fractionation analysis. From soil 
boring 529SB-05, samples at 20, 25, 50, 75 and 100 feet bgs were chosen. Two contiguous 
samples from 75 feet were submitted to Lancaster as duplicate samples for quality control. A 
comparison of the duplicates results is discussed in Section 4.5. All samples were shipped within 
24 hours of the time of sampling. However, because extra samples were sent, the samples were 
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held at the lab until a final selection was made based on the results of the EPA Method 8015M 
TPH results. 

TPH concentrations ranged from nondetect (ND) to 28,000 mg/kg, detected at boring 529SB-02 
from 75 feet bgs. BTEX, primarily ethylbenzene and xylenes, were detected at Site 529. 
Benzene was detected at boring location 529SB-05, with a maximum concentration of 0.42 
mg/kg at a depth of 50 feet bgs. The BTEX concentrations at this boring decreased with depth 
from 0.20 mg/kg at 85 feet bgs to ND at 100 feet bgs. 

Significant levels of purgeable TPH were detected in samples from borings 529SB-04 and 
529SB-05, ranging from ND to 770 mg/kg. An explanation for these levels is not clear. Site 
history, previous investigations and lab analysis indicate a diesel or mid-range fuel mixture 
which would likely result in lower concentrations from this analysis. Purge and trap analysis 
was also performed on samples from boring 529SB-03, which resulted in all NDs. This analysis 
was not performed on samples from borings 529SB-01 and 529SB-02. 

4.2 Conventional Analytical Results from Site 380A 

At Site 380A, soil samples were collected from two boring locations, 380SB-02A and 380SB- 
02B (Figure 2). Soil samples from boring 380SB-02A were taken by way of continuous coring 
with an auger rig. Soil samples from boring 380SB-02B were taken from split spoons at five- 
foot intervals from 5 to 29 feet bgs, at which time split spoons were driven continuously in 1.5- 
foot increments to a depth of 35 feet bgs. Five-foot interval split spoon samples were collected 
from 40 to 55 feet bgs and a final sample was taken at 55.5 to 56.5 feet bgs in the soil boring. 
Again PID readings and TPH-extraction method (M8015) were used to delineate the vertical 
extent of contamination. Table 2 lists all analyses and results on the samples from Site 380A. 
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TABLE 2. SUMMARY OF ANALYTICAL RESULTS FROM SITE 380A 

Lab or 
Sample 
Number 

Depth 

(ft) 

Sample Description PID 
VOCs 
(ppm) 
Field 

BTEX 
8020 

(mg/kg) 
EMAX 

TPH& 
Range 
M8015 
(mg/kg) 
EMAX 

TPH 
Purge 
&Trap 

5030/8015 
(mg/kg) 
EMAX 

SPLP 
1312 

(mg/L) 
EMAX 

Moisture 
% 

Boring 380SB-02A 
18292-573A 19 Sand, poorly graded with 

gravel, 85% sand, 15% 
angular gravel, very pale brn. 

2.8 430 
EC 14- 
26 

3.6 

18292-574 29 Gravely Sand, poorly 
graded, 30% coarse sand, 
55% fine sand, 15% medium 
gravel, It. yel brn, It acetone- 
like odor. 

13.4 23000 
EC 12- 
29 

12.2 

18292-575 31.5 Sand, decreased gravel 
content, grades into poorly 
graded sand, slight odor. 

3.5 14000 
EC11- 
29 

4.9 

18292-577 37 Same as above 8.0 - ND - - 5.3 
18292-578 42 Same as above 3.2 - ND - - 5.1 
18292-579 43 Same as above 3.0 - ND - - 3.6 
18292-576 55 Same as above 5.1 - ND - - 3.3 
Boring 380SB-02B 
18292-601 9.5-10 Silty Sand, 75% fine to med., 

25% n-p fines, dk yel brn, 
med density 

3.0 ND 41 
EC 16- 
26 

ND 7.7 

18292-602* 14.5- 
15 

Sand, fine to med., 95% sand, 
5% n-p fines, HC odor. 

3.2 ND 2000 
EC 13- 
29 

ND 4.3 

380ASB02- 
20* 

20 Sand, 90% fine sand, 10% n- 
p fines, dk brn. 

- " ~ " - 

380ASB02- 
21* 

21 Field Duplicate of above 
sample 

- " - " - 

18292-603 24.5- 
25 

Sand, 90% fine sand, 10% n- 
p fines, well sorted, brn. 

5.2 ND 750 
EC11- 
31 

ND 3.7 

18292-604* 31.5 Sand, 95% fine sand, 5% n-p 
fines, well sorted, si moist, 
loose, brown. 

13.6 ND 3300 
EC 12- 
26 

ND 19 range 
= EC12- 
30 

9.3 

18292-605* 32.5- 
33 

Same as above. 3.1 ND 2500 
EC11- 
29 

ND 3.1 

18292-606 56- 
56.5 

Silty sand, 80% fine to med. 
sand, 20% n-p fines, dr. yel 
brn, si. moist, med. Density 

2.0 ND 140 
EC11- 
25 

ND 6.4 

Notes:   * indicates fractionation analysis (Direct Method) was also run on this sample 
A (+) indicates that chromatograms do not indicate a gasoline pattern, bit rather a diesel range pattern. 
A hyphen (-) in the cell of the table indicates that analysis was not performed on sample 
brn = brown, dk = dark, HC = Hydrocarbon, It = light, med = medium, ND = Nondetect; n-p = nonplastic, 

si = slightly, VOC = volatile organic carbon; yel = yellow 

Five samples from boring 380A-SB-02B , which includes one field duplicate, were submitted to 
Lancaster Labs for TPH fractionation analysis. Samples from 15, 20, 32 and 33 feet bgs were 
chosen for TPH fractionation analysis. A sample from 20.5 feet, labeled 380SB-02B-21, was 
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submitted to Lancaster as a field duplicate for quality control. All samples were shipped within 
24 hours of sampling. Again, the samples submitted to Lancaster were held in refrigeration at 
the lab until the M8015 results from EMAX were received and the selection of which samples to 
run the Direct Method on was made. 

The results from the conventional M8015 method yielded TPH concentrations ranging from ND to 
23,000 mg/kg at boring 380SB-02A. Detected TPH values from boring 380SB-02B were lower, 
ranging from 41 mg/kg at 10 feet to 3300 at 32 feet with no detects from the purge and trap 
analyses. BTEX analyses were performed only on samples from boring 380SB-02B, resulting in 
all nondetects. PID readings were very low throughout these soil borings; however, there was a 
relative increase in the PID readings over the most contaminated zone. The large difference in TPH 
levels (i.e., 23000 vs. 3300 mg/kg at 29 and 31 feet, respectively) suggests that the impacted area at 
this site is very isolated. Previous investigations also indicated that the zone of contamination was 
difficult to locate. 

4.3 Fraction-Specific Analytical Results from Site 529 and Site 380A 

The Direct Method provides results grouped into the 13 fractions specified by the Working 
Group. This method is performed by first extracting the hydrocarbons from the soil using n- 
pentane. The extract is analyzed using a gas Chromatograph (GC) equipped with a flame 
ioriization detector (FID) for separation and identification of the hydrocarbons. Additional 
separation of the sample into aliphatic and aromatic fractions is performed using alumina column 
chromatography. The analysis of the separate fractions is again performed by GC/FID. 

The average hydrocarbon composition based on effective carbon number is presented in Figure 
3. The greatest concentration of hydrocarbons is in the >EC16 to 21 fraction. The largest 
amount of aliphatics and aromatics is seen in the >EC16 range, reflecting a high degree of 
weathering. This trend in composition was consistent among all the samples. Most volatiles and 
semivolatiles were below reportable limits. A breakdown of the fractionation data from both 
sites is provided in Tables 3 and 4. By assuming half the detection limit for nondetects, each 
fraction between EC5 and EC8 contributes approximately 0.1% of the total concentration. The 
high detection limits within these fractions can result in a significant amount of the hypothetical 
risks being driven by nondetects. A sensitivity analysis on the effect of detection limits (for the 
lighter hydrocarbon fractions) on RBSLs is presented in the attached report by RETEC (see 
Appendix). 
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Figure 3. Average Percent Weight Composition at Sites 529 and 380A 
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TABLE 3. SITE 529 FRACTIONATION DATA 

Boring Location: 529SB-05 529SB-04 

Sampling Depth (ft)    20       25       50       75       77       100 20 60 80 95 

HC Fraction       mg/kg mg/kg mg/k   mg/k   mg/kg mg/kg   Avg. 
g g % Wt 

mg/kg   mg/kg   mg/kg   mg/kg    Avg. 
%Wt 

Site- 
wide 

Avg. % 
Wt 

5-7 Aromatics 
(Benzene) 

>6-8 Aromatics 
(Toluene) 

>8-10 Aromatics 

>10-12 Aromatics 
> 12-16 Aromatics 

> 16-21 Aromatics 
>21-35 Aromatics 

mm o.i% 

0.1% 

si 
JÜÜSi 

81 
iigjiMii 0.2% 

31        81 1.5% 
246 947 11.2% 
266 1162 12.5% 
29 107 5.2% 

0.1% 

0.1% 

0.2% 
1.4% 

11.4% 
13.4% 
3.8% 

Total Aromatics      2913    2372   2485    402     586     2313   30.7% 

5-6 Aliphatics 
>6-8 Aliphatics 

>8-10 Aliphatics 
>10-12 Aliphatics 

> 12-16 Aliphatics 

> 16-21 Aliphatics 

>21-3 5 Aliphatics 

9 

111 

501 

2187 

1890 

734 

11 

115 

557 

2129 

1689 

588 

22 

171 

699 

2519 

1945 

487 

6 

18 

65 

427 

428 

58 

23 

26 

93 

591 

592 

57 

22 

76 

324 

2704 

2850 

211 

0.1% 
0.3% 
1.4% 
6.2% 

29.3% 
26.1% 

5.9% 

1193     2415     1453     1821    30.0% 

0.0% 
0.1% 
1.4% 
5.7% 

29.9% 
29.8% 
3.0% 

1 
58 

299 
1142 
1008 
178 

25 

126 

443 

2047 

2014 

210 

86 

279 

1585 

1628 

134 

52 

293 

2093 

2185 

171 

30.4% 

0.1% 
0.2% 
1.4% 
6.0% 

29.6% 

27.9% 
4.5% 

Total Aliphatics      5436    5094 5847 1005 1386 6191   69.3% 

%Wt Aromatics    34.9% 31.8 29.8 28.5 29.7 27.2     30.7% 
%       % % % % 

%Wt Aliphatics    65.1% 68.2 70.2 71.5 70.3 72.8     69.3% 
%       % % % % 

Aromatics/           0.54     0.47     0.42 0.40 0.42 0.37     0.44 
Aliphatics 

2687 4869 3721 4797 70.0% 

30.7% 33.2% 28.1% 27.5% 30.0% 

69.3% 66.8% 71.9% 72.5% 70.0% 

0.44      0.50 0.39 0.38 0.43 

69.6% 

30.4% 

69.6% 

0.44 

Notes:   Shaded cells are nondetects (values represent one half of limit of quantitation (LOQ)) 
C5 to C8 Hydrocarbons by Purge & Trap GC PID/FID (mg/kg) 
C8 to C35 Hydrocarbons by Pentane Extraction with Aliphatic/Aromatic Separation Performed by Silica 

Gel Column (mg/kg) 
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TABLE 4. SITE 380A FRACTIONATION DATA 

Boring Location 

Sampling Depth 15 
HC Fractions mg/kg 

380SB-02B 

20 21 32 33      Site-wide Avg. 
mg/kg   mg/kg   mg/kg   mg/kg       % Weight 

5-7 Aromatics (Benzene) 
>6-8 Aromatics (Toluene) 

>8-10 Aromatics 
>10-12 Aromatics 
> 12-16 Aromatics 
> 16-21 Aromatics 
>21-35 Aromatics 

0.1% 
0.1% 
0.6% 
0.6% 
2.7% 
10.1% 
4.7% 

Total Aromatics 

5-6 Aliphatics 
>6-8 Aliphatics 

>8-10 Aliphatics 
>10-12 Aliphatics 
> 12-16 Aliphatics 
> 16-21 Aliphatics 
>21-3 5 Aliphatics 

186 56 129 141 149 18.8% 

0.1% 
0.1% 
0.6% 
1.9% 

29.6% 
42.0% 
7.0% 

Total Aliphatics 

% Weight Aromatics 
% Weight Aliphatics 
Aromatics/Aliphatics 

252 

42.4% 
57.6% 

0.74 

103 

35.5% 
64.5% 
0.55 

273       1060      1157 

32.0% 
68.0% 
0.47 

11.7% 
88.3% 
0.13 

11.4% 
88.6% 

0.13 

81.2% 

18.8% 
81.2% 

0.23 
Notes:   Shaded cells are nondetects (values represent one-half of LOQ) 

EC5 to EC8 Hydrocarbons by Purge & Trap GC PID/FID (mg/kg) 
EC8 to EC35 Hydrocarbons by pentane extraction with aliphatic/aromatic 

separation performed by silica gel column (mg/kg) 

A decrease in the ratio of aromatic to aliphatic hydrocarbons with sampling depth occurred at 
both sites. The increase in the aliphatics >EC16 to EC21, especially at Site 380A, suggests 
reductive reactions possibly from anaerobic activities. 

4.4 Comparison of Conventional TPH and Fractionation Results 

A wide discrepancy was seen between the Direct Analytical Method results (analyzed by 
Lancaster Labs) and the EPA modified 8015M results (analyzed by EMAX) (Figure 4). There 
are several plausible reasons for the discrepancy in the results between conventional analysis and 
the fractionation data. The samples submitted were not composites, but rather split samples, one 
brass sleeve (2" diameter, 6" long) being submitted to each lab with the adjacent ends of the split 
spoons marked to identify from which end to take the sample. This ensured that the results 
represented side by side samples; however, they were not identical soil samples. 
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Figure 4. Comparison of Direct Method and 8015 Modified Results 

Bruya and Eng (1992) conducted a study using spiked samples and suggested that if the product 
in the soil is significantly weathered compared with the standard used for calibration, the 
concentration reported may be inaccurate by as much as ±50%. In this field demonstration there 
were 13 to 93% differences between the M8015 results and the Direct Method results; the 
M8015 results were consistently higher. Both laboratories used a diesel #2 fuel as a calibration 
standard. 

The extraction procedures are significantly different. «-Pentane was used as the extracting 
solvent for the fractionation method. «-Pentane may result in reduced measurements of the 
higher weight fractions. The California (M8015) Method used methylene chloride. The 
fractionation method requires the use of a 10 g sample extracted with 10 ml n-pentane in a vortex 
for 1 to 2 minutes. The procedure prescribed by California (M8015) specifies that a 20 g sample 
be extracted with 80 ml solvent and shook for at least 4 hours. The protocol specified in the 
Direct Method prevents the loss of volatile TPH constituents, as present in gasoline. The 
California method extracts more non-volatile TPH because the solvent is in contact with the 
sample for a longer time period. Since these sites did not have gasoline, the California method 
would predictably yield higher results, especially of the larger hydrocarbons. 

The calibration standards specified by both methods appear to be the same (in this case, diesel 
fuel #2); however, the fractionation method uses alumina to separate aliphatics and aromatics. 
This alumina separation step in the fractionation SOP is not used in the M8015 procedure. The 
alumina would act similarly to silica gel and would remove the more polar compounds. 
Anything more polar than methylene chloride will not elute from the alumina column. This 
might result in lower TPH numbers with the Direct Method. 
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The two methods are different enough that it is difficult to compare results. However, trends can 
be identified. In Figure 4, an general increase in TPH concentration at boring 529SB-05, albeit 
not consistent, is noted with both methods to a depth 50 ft and then a decline. Both analytical 
methods demonstrate a rise in concentration from 20 to 60 feet bgs at boring 529SB-04, followed 
by a decrease beyond that depth. 

Lastly, it is possible that the results of the Direct Method may have been compromised by a loss 
of lighter fractions. Samples collected for Direct Method analysis were held at temperatures 
below 4°C for final selection based on the "screening" M8015 results from the Ninyo and Moore 
Laboratory. This "screening" approach to selecting samples was used because residual TPH 
levels at both sites were not fully characterized at the time of sampling and PID readings on 
several borings were resulting in extremely low levels of contamination. Therefore, as 
necessitated by the higher cost of the fractionation analysis, samples were held at the laboratory 
for confirmation based on the M8015 results to ensure the analyses would yield results. Due to a 
delay period in receiving the M8015 results, two samples from boring 529SB04 exceeded the 
recommended holding time by two hours. This may have resulted in a loss of highly volatile 
compounds such as benzene and toluene. Conversely, the BTEX analysis performed on 
corresponding samples resulted in NDs or very low levels of BTEX, which would not account 
for the two- to three-fold differences in TPH results. One sample from the next proposed field 
demonstration will be held beyond the holding time before analysis to evaluate possible impacts 
on results. 

Ideally, if there is a good correlation between the results from the conventional method and those 
of the fractionation results, one should be able to assume the hydrocarbon fraction composition is 
representative of the impacted soil contamination. This composition information could then be 
used as specified in the risk-based methodology proposed by the Working Group for determining 
acceptable petroleum hydrocarbon concentrations in soil. Unfortunately, a good correlation 
between the two analytical techniques was not found and therefore it was not appropriate to 
apply this assumption. Good correlations have been found between the conventional and the 
Direct Method with other site soils. The effectiveness of combining data from both analytical 
techniques for assessing impacted sites needs to be evaluated further. 

4.5 Evaluation of the Direct Method's Precision 

Precision is a measure of mutual agreement among individual measurements of the sample 
property under prescribed similar conditions. Sampling precision was evaluated by the analysis 
of a set of field duplicate samples collected from both Site 380A (Samples 380SB-02B-20 and 
380SB-02B-21) and Site 529 (Samples 529SB-05-75 and 529SB-05-77). Precision is 
independent of the error (accuracy) of the analyses and reflects only the degree to which the 
measurements agree with one another, not the degree to which they agree with the "true" value 
for the parameter measured. Based on the results, a measure of bias within the system can be 
estimated. Precision is calculated in terms of relative percent difference (RPD) between 
duplicate samples, which is expressed as follows: 
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(X\ - X2) 
RPD = - -xlOO 

Xavg 

where: 
RPD = Relative Percent Difference 
X, = Analyze concentration of first duplicate; 
X2 = Analyze concentration of second duplicate; and 
Xavg = Average analyte concentration of duplicates one and two. 

This equation is taken from OpTech's Quality Assurance Project Plan, which is concurrent with 
the Federal Register guidance, 44(FR)69533, "Guidelines Establishing Test Procedures for the 
Analyses of Pollutants, Appendix III: Example Quality Assurance and Quality Control 
Procedures for Organic Priority Pollutants" (3 December 1979). The QA/QC procedures assume 
that RPDs less than 35% are acceptable; values of >35% are suspect (OpTech, 1992). 

The field duplicates were collected in side-by-side brass sleeves (split samples). Precision of 
field duplicates depends on sample homogeneity. Field duplicates do not represent lab 
duplicates and are not identical; however, the distribution of their hydrocarbon fractions is 
expected to be similar due to the homogenous soil characteristics seen throughout the borings. 

The analytical results of the field duplicates and the associated RPDs are presented in Table 5. 
The RPD between duplicates from Site 529 was acceptable. The fraction-specific RPDs for the 
duplicates from Site 529 were fairly consistent, although the RPDs for the >EC6 to EC8 
aliphatics and >EC10 to EC21 aromatic fractions exceeded the acceptable 35% difference. RPDs 
are not applicable to fractions with nondetect values. 
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TABLE 5. ANALYTICAL RESULTS OF DUPLICATE SAMPLES 
AND CALCULATED RPDS 

Lab ID 
Sample Location 

2781273 
529SB-05-75 

2781274 
529SB-05-77 

2781282 
380SB-02B-20 

2781283 
380SB-02B-21 

Approximate Carbon 
Fractions 

(mg/kg) (mg/kg) RPD (mg/kg) (mg/kg) RPD 

5-6 Aliphatics <4.7 <9.2 NA <0.2 <0.2 NA 
5-7 Aromatics (Benzene) <4.7 <9.2 NA <0.2 <0.2 NA 

>6-8 Aliphatics 5.6 23.3 122.0 <0.2 <0.2 NA 
>6-8 Aromatics (Toluene) <4.7 <9.2 NA <0.2 <0.2 NA 

>8-10 Aliphatics 18.3 25.5 32.9 <8.5 <8.4 NA 
>8-10 Aromatics <9.3 <9.2 NA <8.5 <8.4 NA 

Lab ID 
Sample Location 

2781273 
529SB-05-75 

2781274 
529SB-05-77 

2781282 
380SB-02B-20 

2781283 
380SB-02B-21 

>10-12 Aliphatics 65.4 92.7 34.4 <8.5 <8.4 NA 
>10-12 Aromatics 19.3 30.6 45.5 <8.5 <8.4 NA 
>12-16 Aliphatics 426.9 591.0 32.2 <21.2 69.8 NA 
>12-16 Aromatics 164.0 246.3 40.1 <21.2 <20.9 NA 
>16-21 Aliphatics 428.5 592.0 32.1 56.8 169.0 99.4 
>16-21 Aromatics 179.8 266.4 38.8 <21.2 83.6 NA 
>21-3 5 Aliphatics <58.3 <57.2 NA <52.9 <52.2 NA 

>21-35 Aromatics <58.3 <57.2 NA <52.9 <52.2 NA 

Total 1377 1943 34 158 402 87 

Notes:   NA - Not Applicable. Raw data value(s) are below reporting limit and therefore not comparable. 
RPD - Relative Percent Difference 
Totals assume one-half the detection limits for nondetects. 
Shaded area indicate fraction which had detectable quantities. 

The duplicates for Site 380A both indicate a high degree of weathering with quantifiable detects 
in the heavier fractions only. However, because these samples are mainly nondetects, the actual 
values presented in these samples are suspect and are not truly suitable for evaluating sampling 
precision. Site 380A duplicates differed markedly with a total RPD of 87% and a fraction- 
specific RPD of 99% for the aliphatics >EC12 to EC 16. The large RPD among the aliphatic 
>EC16 to EC21 fraction suggests either inconsistency in the analytical technique or a significant 
difference in the composition of the duplicates. 

The logs for borings 539SB-05 and 380ASB-02 indicate a fairly homogeneous soil lithology and 
color (sandy loam) spanning the depths of both sets of duplicate samples. These characteristics 
would suggest that a relatively consistent amount of contaminant leaching throughout the six 
inch span between duplicate samples could have occurred; however they do not eliminate the 
possibility of significant spatial variability. 
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4.6 Geotechnical Analytical Results 

Geotechnical results (Tables 6 through 9) were consistent with the trends reported from the TPH 
fractionation data (Tables 6 and 7). The average moisture contents at Sites 529 and 380A were 
15.9 and 5.8%, respectively. This range was in agreement with the percent moisture reported 
from the samples submitted for TPH analysis. Density increased slightly with depth, averaging 
110 and 102 pounds per cubic foot (pcf) at the two sites, respectively. Organic carbon was 
slightly higher at Site 529 (average 6700 mg/kg) than at Site 380A (average 1400 mg/kg). This 
could attribute to the higher TPH levels, especially of the lighter fractions, seen at Site 529 verses 
Site 380A because TPH will bind with organic materials. Average porosity was 34.7% at Site 
529 and 38.0% at Site 380A. Again, the higher porosity at Site 380A would account for a greater 
loss of the lighter, more soluble TPH fractions than seen at Site 529. The specific gravity (Gs) 
average of both sites was approximately 2.64. The specific gravity for pure quartz sand is 2.65. 
Based on the measurement at these sites, other particles such as clay minerals decreased the 
specific gravity of the samples slightly. 

TABLE 6. SUMMARY OF GEOTECHNICAL RESULTS FROM SITE 529 

Sample Depth 
(ftbgs) 

Moisture 
% 

Dry Density 
(pcf) 

pH Gs TOC 
(mg/kg) 

Porosity % 

529-GT-007 5-5.5 7.7 2400 
529-GT-010 39.5-40.0 24.0 100.0 2.62 38.8 
529-GT-010 40.0-40.5 22.4 108.0 2.62 33.9 
529-GT-010 44.5-45.0 13.8 107.0 2.67 35.8 
529-GT-012 15.0-15.5 7.6 
529-GT-013 64.5-65 24.6 97.0 2.65 41.3 
529-GT-013 64.0-65.5 19.2 105.0 2.64 36.3 
529-GT-013 69.5-70.0 11.3 116.0 2.64 29.6 
529-GT-013 70.0-70.5 7.6 119.0 2.61 26.9 
529-GT-014 54.5-55.0 10.3 116.0 
529-GT-014 55.0-55.5 14.9 122.0 
529-GT-014 59.5-60.0 13.5 111.0 
529-GT-014 60.0-60.5 13.2 118.0 
529-GT-015 90.0-90.5 6.7 6600 
529-GT-015 90.5-91.0 8.0 7400 
529-GT-015 94.5-95.0 8.2 7000 
529-GT-015 95.0-95.5 8.2 9900 
Average 15.9 111 7.7 2.64 6700 34.7 
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TABLE 7. SUMMARY OF GEOTECHNICAL RESULTS FROM SITE 380A 

Sample Depth 
(ft bgs) 

Moisture 
% 

Dry Density 
(pcf) 

PH Gs TOC 
(mg/kg) 

Porosity % 

380-GT-001 10 7.6 1600 
380-GT-005 29.5-30.0 7.4 103.0 7.8 2.60 2200 36.5 
380-GT-005 30.0-30.5 2.3 92.0 7.8 2.65 2600 44.4 
380-GT-005 34.0-34.5 4.1 107.0 7.9 2.66 <100 35.5 
380-GT-005 34.5-35.0 10.9 101.0 7.8 2.63 200 38.5 
380-GT-006 39.5-40.0 6.0 106.0 8.0 2.67 1600 36.4 
380-GT-006 40.0-40.5 6.5 104.0 7.9 2.68 1800 37.8 
380-GT-006 44.5-45.0 2.8 112.0 7.9 2.65 860 32.2 
380-GT-006 45.0-45.5 6.0 96.0 9.2 2.68 510 42.6 

Averages 5.8 102.0 8.0 2.65 1400 38.0 

Falling head hydraulic conductivity tests were performed on selected remolded soil samples in 
general accordance with ASTM D 5084-90. The samples were remolded to the dry density and 
moisture content of other intact samples. Water flow through the soil was sustained using a 
pneumatically induced head for recording hydraulic gradient. The permeability was then 
calculated using Darcy's equation. The average coefficients of permeability from Sites 529 and 
380A were 3.64 x 10'6and 4.61 x 10"4 cm/sec, respectively (Tables 8 and 9). 

TABLE 8. PERMEABILITY RESULTS FROM SITE 529 

Moisture Content Dry Density 
Sample Before 

Test % 
After 

Test % 
Before 
Test % 

After 
Test % 

Coefficient of Hydraulic 
Conductivity (Avg.) 

(cm/sec) 
529-GT-SP01 20.1 21.9 105.1 106.4 7.58E-08 
529-GT-SP04 (gray) 12.9 14.8 117.2 120.3 9.12E-06 
529-GT-SP03 20 21.7 105.1 104.3 2.49E-08 

529-GT-SP04 (brown) 15.8 18.1 109.2 109.1 8.85E-06 
529-GT-SP05 19.9 20.8 105.2 104.8 1.34E-07 

Site Average 17.74 19.46 108.36 108.98 3.64E-06 
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TABLE 9. PERMEABILITY RESULTS FROM SITE 380A 

Moisture Content Dry Density 
Sample Before 

Test % 
After 

Test % 
Before 
Test % 

After 
Test % 

Coefficient of 
Hydraulic Conductivity 

(Avg.) (cm/sec) 
380-GT-SP01 6.5 23.6 101.3 99.7 5.89E-06 
380-GT-SP02 5.3 21.8 105.1 105.1 9.17E-04 
Site Average 5.9 22.7 103.2 102.4 4.61E-04 

Grain size (ASTM Method D-422) distribution at Site 529 ranged from 0.5 to 21.4% gravel, 46.7 
to 72.0% sand, 5.6 to 21.8% silt and 11.5 to 36.3% clay. At Site 380A, the distribution ranged 
from 2.3 to 21.1% gravel, 59.4 to 67.3% sand, 4.2 to 12.2% silt and 7.4 to 26.1% clay. The soil 
type at both sites ranged with depth from a silty, clayey sand to a clayey sand with gravel. Clay 
content in the samples varied also with depth. These content changes may indicate clayey 
permeability boundaries that impede vertical migration of the contaminants. 

5.0 RBSLS BASED ON FRACTIONATION DATA 

Tier 1 RBSLs were calculated using the ASTM RBCA method and are provided in Table 10 
(ASTM, 1995). The critical pathway, which would drive clean-up levels, appears to be 
volatilization to indoor air. The assumptions used in the ASTM standard for calculating this 
pathway are extremely conservative. The soil-vapor transport model is based on several very 
conservative assumptions including a steady chemical concentration in subsurface soils; 
equilibrium partitioning in the soil between sorbed, dissolved and vapor phases; and steady-state 
diffusion through the vadose zone and foundation cracks. It also assumes one percent of the 
foundation area is cracked. RBSLs based on direct contact with soil are the next lowest levels. 
However, due to the depth at which contamination is seen (greater than 20 feet), both of these are 
unlikely exposure pathways even for a construction scenario. Soil leaching to groundwater is the 
most feasible pathway. The leaching model is very conservative since it assumes that no 
attenuation (e.g., biodegradation, further partitioning onto soil or into vapor) of the leachate occurs 
from the vadose zone to saturated zone (TPHCWG, 1998c). 
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TABLE 10. AVERAGE TPH RBSLS FOR WEATHERED DIESEL 
CONTAMINATION AT SITES 529 AND 380A 

Residential RBSLs Commercial RBSLs 
Pathway (Site 529) 

(mg/kg) 
(Site 380A) 

(mg/kg) 
(Site 529) 
(mg/kg) 

(Site 380A) 
(mg/kg) 

Soil Leaching to Groundwater 12,900 12,100 80,000 46,000 
Volatilization to Outdoor Air 433,000 371,000 568,000 617,000 
Volatilization to Indoor Air 900 1,500 3,100 3,700 

Direct Contact 6,100 7,700 8,900 10,200 

The RBSLs based on leaching are approximately 2000 to 2800 mg/kg higher (for Sites 380A and 
529, respectively) than those specified for the MCAS El Toro in OHM's Preliminary Work Plan 
(i.e., 10,000 mg/kg for diesel and 1,000 mg/kg for gasoline). For an industrial/commercial land use 
scenario, the RBSLs based on the fractionated data are approximately 30,000 to 70,000 mg/kg 
higher for Sites 529 and 3 80A, respectively, than the site criteria. It should be noted that the site 
criteria are higher than what is actually specified in the LUFT Manual which is based on a scoring 
system, accounting for distance of contamination to groundwater. For example, the LUFT criteria 
presented in Table 11 would result in a cleanup level of 100 mg/kg for diesel at site 529, because 
the TPH was detected at the groundwater surface. A detailed comparison of the site data RBSLs 
and the California LUFT standards is presented in the attached Appendix. 

If a residential scenario was assumed, Site 529 would exceed the RBSLs developed due to the 
volatilization to indoor air pathway. In this case a Tier 2 assessment using soil gas vapor 
measurements would be recommended. 

5.1 TPH Clean-up Criteria Based on the California LUFT Field Manual 

Table 11 was taken from the OHM "Preliminary Draft Work Plan, Remediation of Various 
Underground Storage Tanks at the MCAS El Toro" (1995). The table is based on the "Leaking 
Underground Fuel Tank (LUFT) Field Manual: Guidelines for Site Assessment, Cleanup and 
Underground Storage Tank Closure" (California SWRCB, 1989). It was designed to permit 
estimation of the concentrations of TPH and BTEX that can be left in place without threatening 
groundwater. The criteria gives three levels of TPH and BTEX concentrations derived from 
modeling of sites which fall into categories of low, medium or high leaching potential. To use the 
table, the appropriate description of each feature is found and each feature is scored using the 
weighting system shown at the top of each column. The points for each column are then totaled 
and matched to the allowable BTEX and TPH levels. 
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TABLE 11. LEACHING POTENTIAL ANALYSIS FOR GASOLINE 
AND DIESEL USING TPH AND BTEX 

Site Feature Score Score 10 pts if 
condition is met 

Score Score 9 pts if 
condition is met 

Score Score 5 pts if 
condition is met 

Minimum depth to 
groundwater from the 
soil sample (ft) 

10 >100 51-100 25-501'2 

Fractures in subsurface 
(applies to foothills or 
mountain areas) 

10 None Unknown Present 

Average annual 
precipitation (inches) 

<10 9 10-25 26-403 

Man-made conduits 
which increase vertical 
migration of leachate 

10 None Unknown Present 

Unique site features: 
recharge area, course 
soil, nearby wells, etc. 

10 None At least one More than one 

Column Totals - Total 
Points 

40 + 9 + = 49 

Range of Total Points 49 pts or more 41-48 pts 40 pts or less 

Maximum Allowable 
BTEX Levels (ppm) 

1/50/50/50 0.3/0.3/1.0/1.0 NA" 

Maximum Allowable 
TPH-d Levels (ppm) 

10,000 1,000 100 

Maximum Allowable 
TPH-g Levels (ppm) 

1,000 100 10 

1. If depth is greater than 5 ft. but less than 25 ft., score 0 points. 
2. If depth is 5 ft. or less this table should not be used. 
3. If precipitation is over 40 inches, score 0 points. 
4. Levels for BTEX are not applicable at a TPH concentration of 10 ppm (gasoline) or 100 ppm (diesel) 

OHM stated in the Preliminary Draft Work Plan that all remediation activities and site closures will 
be based upon the clean-up levels developed in accordance with the guidelines of the LUFT Field 
Manual. The following clean-up criteria have been set for MCAS El Toro: TPH as gasoline (TPH- 
g) at 1,000 ppm and TPH-d at 10,000 ppm. BTEX levels will generally be inferred from TPH-d 
levels, with < 1,000 ppm (TPH-d) inferring an acceptable level of risk to human health and the 
environment from BTEX. The clean-up goal for BTEX in gasoline or diesel impacted soil is less 
than or equal to 1 ppm for benzene and less than or equal to 50 ppm for toluene, ethylbenzene and 
xylene. Based on the LUFT criteria in Table 11, however, these are clean-up levels specified for 
sites with a distance between contamination and groundwater of 100 feet or more. This has been 
shown to not be the situation at site 529; however, these levels have been set for the entire base. 
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6.0 TIER 2 INFORMATION REQUIREMENTS 

If Tier 1 RBSLs are exceeded and remediation to these limits is impracticable, a Tier 2 
evaluation should be conducted to develop Site Specific Target Levels (SSTLs) for relevant site 
contaminants and exposure pathways. Tier 1 data requirements may be limited to 
characterization of on-site land use and determination of maximum contaminant concentrations 
in the source zone media. For Tier 2, site data must be sufficient to 1) complete Tier 2 SSTLs 
calculations involving site specific fate and transport parameters and 2) confirm the exceedance 
or nonexceedance of the SSTLs throughout the full area of affected soil and groundwater. 
Additional site information required for this includes: 

• Source Zone Characterization: Lateral and vertical extents of impacted soil and groundwater 
zones, 

• Hydrogeological Site Conditions: Site stratigraphy, surface soil conditions, rate and direction 
of groundwater flow, attenuation factors, etc., 

• Relevant Points of Exposure: Distance from source zone to potential receptors, receptor 
types and exposure factors, and 

• Applicable Risk Goals: Human health protection criteria, applicable regulatory exposure 
limits and ecological protection standards. 

A Tier 2 assessment was not conducted as part of this demonstration due to the lack of complete 
delineation of the impacted zones and specific information regarding the distance to potential 
receptors. ASTM E-1739 specifies the minimum data requirement for a Tier 2 evaluation 
(ASTM, 1995). These requirements are summarized in the Table 12. For less sensitive 
parameters not listed in this table, conservative default values may be employed in place of direct 
site measurements under Tier 2. 
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TABLE 12. MINIMUM SITE SPECIFIC DATA REQUIREMENTS 
FOR TIER 2 EVALUATION 

Source Zone Characterization 
Surface Soils (<3 ft bgs) • Dimensions of affected surface soil zone (depth, length, width) 

• Constituents of Concern 
• Representative Concentrations 

Subsurface Soil (>3 ft bgs) • Dimensions of affected surface soil zone (depth, length, width) 
• Constituents of Concern 
• Representative Concentrations 

Subsurface Fluids • Dimensions of affected groundwater and/or non-aqueous phase liquid zone 
(depth, length, width) 

• Constituents of Concern 
• Representative Concentrations 

Exposure Pathway Information 
Air Pathway • Area of affected surface soils 

• Depth interval of affected subsurface soils 
• Thickness and soil type of unsaturated soil zone 
• Downwind distance to vapor/dust receptor(s) 
• Average annual climatic conditions (typical wind speed, etc.) 

Groundwater Pathway • Depth to uppermost water-bearing unit with potentially usable groundwater 
• Leachate potential through overlying soil zone (rainfall infiltration, etc.) 
• Hydraulic conductivity of water-bearing unit 
• Groundwater flow gradient, seepage velocity and flow direction 
• Attenuation factors (electron acceptors, retardation factors, decay-rate 

coefficients for contaminants of concern (COCs)) 
• Distance from plume source point to groundwater receptors 

Soil Pathway • Lateral limits of impacted surface soil 
• Surface soil type 

Surface Water Pathway • Stormwater drainage pathway from affected surface soil zone to surface 
water body and estimated COC loading rate 

• Groundwater to surface water discharge pathway and estimated COC 
loading rate 

• Harmonic mean flow in surface water body 
• Surface water body quality and use classification 

Receptor Information 
Land Use • Land use on-site (current and future) 

• Land use at off-site points of exposure (current and future) 
Receptors • Anticipated type and location of receptors for each pathway 

• Applicable site-specific exposure factors 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

One objective of the Demonstration Program is to identify those actions which led to increased or 
decreased effectiveness in the field sampling and data analysis. Some of the lessons learned from 
this effort were: 
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1) Clear understanding on the parts of all parties of the requirements for sampling and sample 
analysis is required. A kick-off meeting where all parties who are responsible for the drilling, 
sampling, analyses and reporting of results is useful to clarify responsibilities. Written 
guidance on the field effort should be developed as part of the final work plan. 

2) Continuous cores are very informational for the initial soil borings and lithologic descriptions. 
These continuous cores allow the geologist(s) to identify any potential zones of high or low 
permeability which would transmit contaminants more or less rapidly than the surrounding 
lithologies. In addition, continuous core information provides the geologist with visual 
identification of changes in the contaminant staining in the soil. This information is especially 
important for heavily weathered hydrocarbon contamination. 

3) Communication gaps between companies after the field work was completed led to delays in 
analyses and receipt of analytical results, which may have impacted the validity of data 
collected from the TPH fractionation analyses. Comparison of the analytical methods and 
calibration standards used by the two companies may provide additional information on validity 
of the fractionation analyses. 

4) TPH analyses via Method 8015 should be run by the same lab running the fractionation 
analyses. Both analyses should utilize the same calibration standard (i.e., diesel fuel #2) to 
develop a comparison between TPH analyses and fractionation data. Variations in the data 
from analyses by two different labs on this effort have led to many questions about comparison 
between the "whole TPH" from EPA Method 8015 and the Direct Method. 

5) Because multiple analyses are to be run on one sample, samples should be mixed or 
"composited" from which aliquots can be sent for analysis. Because the demonstration is 
intended for weathered sites, quickly compositing samples should not result in a significant loss 
of existing volatiles or semivolatiles. This practice may ensure better duplication of samples for 
multiple analyses than end-to-end samples collected in brass sleeves. 

6) The next demonstration should include the use of a spiked matrix to test the compatibility 
between different methods, especially if the analyses are performed at different labs. 

7) Lower levels of detection for light-end aliphatics and aromatics are needed to improve the 
effectiveness of the Direct Method for assessing risk. 

8.0 SUMMARY 

OpTech performed the field sampling phase of the Demonstration Program at former UST Sites 
380A and 529, MCAS El Toro, California, from August 24th through September 4th, 1997. The 
field sampling consisted of continuous coring in three soil borings and split spoon sampling in four 
other soil borings. Soil samples from the continuous cores were screened in the field with a PID. 
Based on the PID field screening, certain samples were sent to a fixed base laboratory for TPH and 
BTEX analyses. Samples from three of the soil borings retrieved with a split spoon sampler were 
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shipped to a different fixed base laboratory for TPH fractionation analyses. These samples were 
contiguous to samples analyzed for TPH and BTEX. 

Soil samples were also collected for geotechnical analyses to characterize the lithologic sequence at 
the sites and to estimate fate and transport of the contaminants for RBCA analyses. The TPH 
fractionation data were used in conjunction with toxicity surrogates for each fraction group to 
estimate RBSLs for the two sites, as specified by the Working Group approach. 

The results from the fractionation analysis were consistently lower by nearly two to three times the 
results from the conventional TPH analysis (EPA Method M8015) and Purge and Trap analysis 
(EPA Method 5030/M8015). Furthermore, purgeable TPH concentrations were detected from 110 
to 770 mg/kg, although the lab reported that the sample did not match a gasoline standard. Those 
levels would typically not be expected from weathered diesel. Benzene was also detected at Site 
529 by the EPA M8015 Method but not by the Direct Method; this may be due to the large 
detection limits which the Direct Method reported for these fractions. The reason for the large 
differences is not clear and may also be attributed to spatial and lab variability. 
Some samples shipped for fractionation analysis were held a few hours beyond the extent of the 
recommended holding time. However, the samples were stored at the recommended temperature in 
air tight sealed brass sleeves. It would seem unlikely that the samples were compromised by a loss 
of volatiles. In addition, the heavier fractions, as identified by the Direct Method, contributed the 
greatest percentage of "whole TPH" concentrations. The contribution to total concentration from 
potentially lost volatiles would not be significant enough to account for the large difference seen in 
the results between the two methods. The disparity is likely due to differences in analytical 
technique or spatial variability and not by compromised samples. 

The detection limits used for the light <EC5 to EC8 aromatic fractions can have a huge effect upon 
RBSLs. Approximately 20% of the hypothetical risk from the leaching pathway at Site 380 was 
attributed to nondetects among these fractions. Interestingly, these fractions only account for less 
than one percent of the "whole TPH". 

The TPH fraction which contributes the greatest amount of risk depends on whether the selected 
pathways will involved cross-media impacts. The majority of risk at site 380A for the leaching to 
groundwater pathway came from the aromatic fractions; these fractions only accounted for 12% of 
the TPH and the lightest fractions were nondetects. Overall, for the leaching and volatilization 
pathways solubility and volatility tend to dictate which fraction is most responsible for risk. The 
most soluble fractions account for the most of the risk in the leaching pathway and the most volatile 
fractions account for the majority of risk in the volatilization pathways. 

The RBSLs for the direct contact pathway are not affected by the detection limit of the lighter 
fractions. Because this pathway is not dependent on partitioning, the risk attributed by each 
fraction resembles the distribution of TPH. Hence, it is the heavier fractions which account for the 
majority of the risk due to their greater abundance and relatively low reference doses (TPHCWG, 
1998d). 
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E xecutive Summary 

Two sites at the Marine Corps Air Station in El Toro, California (MCAS El 
Toro), were selected for the second case study of the Total Petroleum 
Hydrocarbons (TPH) Criteria Working Group's protocol. The Working Group 
was formed to develop a scientifically defensible approach to calculating human 
health-based criteria for TPH in soils. The overall objective of the case studies is 
to assess the usefulness and limitations of the Working Group's approach by 
evaluating the process and results at several real-world sites. 

TPH is difficult to define and to measure. As a result, typical risk-based criteria 
do not consider the complex chemical nature of TPH, the variations in TPH due 
to different fuel types and weathering processes, or the mixture effects that largely 
control the fate and transport of hydrocarbons in the environment. The Working 
Group approach addresses these issues by separating TPH into 13 separate 
fractions, and using the best available information on the toxicity and fate and 
transport characteristics of the fractions in risk calculations. Site-specific risk- 
based TPH criteria are calculated using the ASTM Risk-Based Corrective Action 
(RBCA) process (ASTM 1739-95). 

Both sites (designated Sites 380A and 529) are locations of former leaking 
underground storage tanks (LUSTs) that have been removed, and both are known 
to have residual soil contamination from different fuel mixtures (Figure 1). Site 
380A is impacted by a former diesel UST. The UST at Site 529 contained 
primarily heating oil, although prior testing suggested that lighter hydrocarbons 
were also present. The soils at both sites are primarily sand and gravel, and 
groundwater is encountered over 100 feet below ground surface (bgs). 

Site 380A was sampled by installing two borings, advanced to approximately 55 
feet bgs. Five borings were advanced up to 100 feet bgs at Site 529. Several 
samples were obtained at various depths from each boring. In all, forty samples 
were submitted for screening analyses, using Method 8015M for TPH and 
Method 8020 for BTEX. Fifteen soil samples were submitted for TPH 
fractionation analysis, using the Direct Method. Additional analyses included 
geological and chemical information useful for site-specific RBCA assessments. 

Risk-based screening levels (RBSLs) were calculated for applicable pathways at 
both sites. The resulting RBSLs for all of the pathways evaluated (Table 1) were 
similar for both sites. The lowest RBSLs were for the volatilization to indoor air 
pathway (average values of 1,500 and 900 mg/kg, respectively). At Site 380A, the 
TPH concentrations in all of the samples were below both the average and the 
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lowest RBSL calculated for protecting indoor air. At Site 529, several samples 
exceeded the lowest and average RBSL values, and in fact the average value from 
all samples tested exceeded the average RBSL. 

Table 1 Average RBSL Values for Applicable Pathways at MCAS El Toro 

Site Soil to Indoor 
Air Direct Contact Soil to 

Groundwater 
Soil to Outdoor 

Air 

Residential Scenario 
3 80 A 1,500 

(560-2,240) 
7,700 

(5,100-10,500) 
12,100 

(4,100-18,800) 
371,000 

(228,000-632,000) 

529                                       900                    6,100 
(730-1,400)        !     (5,600-6,600) 

12,900 
(7,500-20,700) 

433,000 
(116,000->100%) 

Commercial Scenario 
380A 4,300 

(1,500-6,300) 
10,200 

(7,600-15,600) 
46,100 

(15,400-72,500) 
616,900 

(271,500->100%) 

529 3,100          !         9,000 
(2,000-5,700)      j     (8,300-9,600) 

80,000 
(29,000-202,900) 

567,500 
(172,500->100%) 

NOTE: 
Values are in mg/kg. Ranges are in parentheses. 

The next lowest RBSLs at both sites were for the direct contact pathway (averages 
of 7,700 and 6,100 mg/kg, respectively). Again, several of the Site 529 samples 
exceeded the lowest and average direct contact RBSLs. The average Hazard Index 
for all samples from Site 529 was 0.98 (the RBSL is defined as the concentration 
yielding a HI of 1.00). The average RBSLs for leaching from soil to groundwater 
were 12,100 and 12,900 mg/kg for Sites 380A and 529, respectively. The highest 
RBSLs for both sites were for the volatilization to outdoor air pathway (averages 
of 371,000 and 433,000 mg/kg). RBSLs for a commercial risk exposure scenario 
were also calculated. These values were also similar for the two samples, although 
the calculated criteria were considerably higher. The general order of the different 
pathways remained the same (i.e., the lowest RBSLs were for indoor air, and the 
highest were for outdoor air exposures). 

The RBSLs varied considerably between individual samples. This variability was 
most pronounced for the volatilization and leaching pathways, while the direct 
contact RBSLs exhibited very little variability. The variability in the RBSLs for 
cross-media transport was primarily due to variations in the proportions of TPH 
accounted for by the lightest aromatic and aliphatic fractions. 

The RBSLs were compared to the applicable state criteria for the Los Angeles 
Region. This area of California has produced guidance for fuel sites that includes 
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a method for deriving maximum soil screening criteria (an approach similar to the 
"Tier 1" approach). The value used for the entire site has been 10,000 mg/kg, 
based on protection of groundwater. This value is similar to the RBSLs calculated 
for the leaching pathway. However, a site-specific analysis under the current 
regulations would yield much lower cleanup levels for Site 529 and higher values 
for Site 380A. TPH criteria for volatilization to indoor air are not specifically 
addressed in the California State regulations. The State does allow the use of fate 
and transport models to calculate site-specific cleanup levels in an approach 
similar to RBCA's "Tier 2" values. 

One significant finding was that the values used to represent non-detected 
fractions, particularly the lightest aromatic fractions, affect the RBSLs. Since this 
value used for non-detect data is generally one-half of the detection limit, the 
detection limit for these compounds can be an important consideration. For 
example, the indoor air RBSLs for low TPH (158 to 1,346 mg TPH /kg soil) 
samples from Site 380A, were governed by the detection limits for the light 
aromatic fractions (using half the detection limit for non-detected fractions as the 
concentration in the risk calculations). The importance of these fractions for the 
leaching pathway is demonstrated by the fact that although the detection limits 
for the EC5-8 aromatics represented well under one percent of the "total" 
calculated TPH, these non-detected fractions accounted for up to 20 percent of 
the total risk. 

The relative contributions of different fractions to the RBSLs for different 
pathways were calculated to help determine which fractions need to be measured 
with the greatest accuracy for different exposure scenarios. Based on these 
calculations, the values used for non-detect data for the lightest aromatic fractions 
(EC5-8) were varied and new RBSLs calculated to perform a simple sensitivity 
analysis. Figure 2 demonstrates how RBSLs for each pathway can be affected by 
values used for non-detect data for the light aromatic fractions. 

This project also demonstrated that it may be difficult to perform Tier 2 
assessments using the TPH fractionation approach for cross-media pathways. 
One factor in this difficulty is the need to consider mixture effects, which 
complicate the Tier 2 fate and transport modeling. The behavior of mixtures of 
several interacting fractions is more difficult to model than the fate of specific 
indicator compounds. 

The difficulty of using models for Tier 2 assessments is particularly important 
when assessing vapor movement through soil. The models used to evaluate the 
volatilization pathways are conservative in the Tier 1 assessment, and it is 
difficult to measure the needed site-specific parameters for the Tier 2 analysis. 
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easier and more accurate to use site-specific vapor monitoring to evaluate the 
volatilization pathways at a Tier 2 level. Since the indoor air vapor pathway 
results in the lowest Tier 1 RBSLs, this pathway needs greater attention 
to develop criteria that are more representative of the actual risk, without the time 
and expense required for a vapor monitoring program. 

Figure 2    RBSL vs. Detection Limit 

Representative Sample from Site 380A 

100,000 i 

8    10,000 

X 
Q. 

Direct Contact 

E 

1,000- 

100 

Indoor Air 

2 4 6 8 

EC5-EC8 Aromatic Detection Limit (as % of total TPH) 

10 

The Tier 2 evaluation of groundwater leaching is also complicated by the 
interactions of TPH mixtures. A simplified procedure for performing a Tier 2 
assessment is proposed. This process assumes groundwater concentrations at the 
source area are equal to the effective solubilities of each fraction, and then allows 
for attenuation (by dispersion only) from the source area to an alternate point of 
compliance. Incorporation of more complex fate and transport models and/or the 
inclusion of biodegradation is more difficult due to mixture effects and different 
characteristics of each TPH fraction. In this case, a Tier 2 assessment would most 
likely require further groundwater monitoring data. 

The analytical methods used to measure the fractions are critical to the Working 
Group protocol. This demonstration used the Direct Method developed by Shell 
Development Company (Westhollow, Texas). The method yielded soil TPH 
concentrations that were on average 2 to 3 times lower than the conventional 
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TPH analysis used (EPA Method 8015). Further, the results obtained for 
individual samples by the two methods were not closely correlated. As a result, 
it may be difficult to retrofit the fractionation data with confidence for sites with 
existing conventional TPH data. This may be a result of using different 
laboratories for the different analyses. Further, there is a need for guidance on 
using fractionation data to set cleanup criteria that will be based on conventional 
analyses. 

The Direct Method also yielded values for the volatile aromatic fractions that 
differed from the BTEX analyses (EPA Method 8020). The reason for this 
discrepancy is not clear. However, the demonstration project does suggest that 
a BTEX analysis by GC/MS-EPA Method 8240 or 8260 (because they are more 
accurate methods than 8020) should be included in the analytical protocol, and 
these values should be used for the volatile aromatic fractions. This additional 
analysis will increase the costs of using the Working Group protocol, but the 
accuracy and lower detection limits appear warranted, at least for the near future. 

In future demonstrations, efforts should be made to obtain sufficient site-specific 
data to allow a meaningful Tier 2 analysis. The indoor air pathway in particular 
needs greater attention, because it appears to yield the lowest RBSL values at the 
Tier 1 level. Criteria for selecting the samples to be used for the fractionation 
analysis should be developed. More data on the relationship between the results 
from the Direct Method and the more conventional TPH analyses would also be 
valuable. Moreover, modifications should be made to spreadsheet models used 
to calculate RBSLs. These changes should incorporate indoor air calculations and 
add compatibility with current software versions. 

In summary, the Working Group protocol was effective for developing risk-based 
criteria at a Tier 1 level. The resulting criteria for cross-media transfer pathways 
are highly variable within a given site. In some cases, low RBSL values were 
largely determined by non-detectable fractions. Further, the TPH results by the 
fractionation analysis (the Direct Method) differed significantly from the results 
of conventional analysis, and the correlation between the two methods was poor. 
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«3> 

Major Findings 

The Direct Method yielded TPH results that were two to three times lower 
than the conventional GC metiiod (Method 8015). 

•3T The RBSLs were similar for both fuel mixtures, and were in the order: 

RBSL indoor air < RBSL direct contact < RBSL leaching to groundwater < RBSL outdoor air 

*& One site (Site 529) failed the Tier 1 cleanup criteria for tlie indoor air and 
direct contact pathways. All samples from the second site (Site 380A) liad 
TPH concentrations below all RBSLs. 

«§• 

«§= 

The RBSLs for all pathways involving cross-media transfer were highly 
variable, primarily due to differences in the amounts of the lightest aliphatic 
and aromatic fractions. 

The RBSLs can be largely determined by non-detectable fractions (using half 
the detection limit in calculations). RBSLs are extremely sensitive to tlie 
EC5 to EC8 aromatic fractions. 

The average RBSLs for the leacliing pathway slightly exceeded tlie current 
state criteria for MCAS El Toro (12,100 and 12,900 mg/kgfor the two sites, 
compared to tlie state level of 10,000 mg/kg). 

These findings raise questions regarding the use of the protocol to set criteria, and 
guidance is needed on several issues. Are the lowest RBSL values the criteria to 
be applied to the site, or are average values appropriate? What types of samples 
should be analyzed to set criteria (e.g., should product samples be collected, or 
should samples be taken from the center or fringes of a spill plume)? How should 
non-detectable fractions be handled in the risk calculations? Should the criteria 
be based on the Direct Method results, and should this method therefore be used 
for compliance monitoring (the method can be modified to assess TPH only and 
not the fraction distribution)? Guidance on these issues will need to be prepared 
to ensure consistent use of the protocol. 

Some suggested recommendations for use of the Working Group protocol are 
given below, based on the results of this study. 
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Recommendations 

•3F Use the Direct Method, with GC/MS analysis of the lighter volatile fractions, to 
accurately characterize the soil TPH. 

«sr Ensure detection limits for the light aromatic fractions (and possibly the light 
aliphatics as well) are below levels tlmt will govern the risk calculations (i.e., a 
maximum ofl percent of the "total" TPH recovered). 

■3F Several site samples, preferably with relatively high TPH levels, should be analyzed 
by the fractionation method to address the variability infraction distributions. 

«s* If a significant correlation with tlie conventional method(s) used at the site cannot 
be demonstrated, use the Direct Method for total TPH to monitor compliance with 
criteria based on the Working Group protocol. 

niMHim 
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1 Introduction 

This report presents the results of a Risk-Based Corrective Action (RBCA) 
analysis conducted to develop risk-based cleanup goals for total petroleum 
hydrocarbon (TPH)-impacted soils at two former underground storage tank 
(UST) sites. The sites are both located at the Marine Corps Air Station (MCAS) 
in El Toro, California. These areas were chosen as part of a multi-site 
demonstration of the TPH Criteria Working Group (Working Group) protocol. 

The demonstration program is designed to evaluate the Working Group's method 
for developing risk-based cleanup goals for different types of TPH. The results 
will then be compared with the approaches currently used in each state. The 
Working Group protocol, once validated and accepted by the regulatory 
community, will assist regulators and industry in prioritizing remediation of TPH - 
impacted sites based on human health risk. 

The Working Group was formed in 1993 to find an alternative to the existing 
standards for cleanup of TPH-impacted soils. The stimulus for its creation was 
the observation that widely different soil cleanup requirements were being 
imposed nationwide on TPH sites contaminated with similar hydrocarbon 
materials. Cleanup levels for these sites ranged from tens to thousands of mg 
TPH/kg soil in different states. This inconsistency resulted partly from the lack 
of scientific basis for the criteria. The Working Group therefore established the 
goal of "developing scientifically defensible information for establishing soil 
cleanup levels protective of human health at hydrocarbon-contaminated sites." 

The objective of this evaluation is to use the Working Group protocol to calculate 
risk-based screening levels (RBSLs) for TPH at the two MCAS former UST sites. 
For consistency with previous demonstration projects, the Working Group 
protocol is evaluated within the American Society of Testing and Materials 
(ASTM) RBCA framework (El739-95). An overview of the Working Group 
protocol and RBCA framework are provided below. 

1.1  Overview of the Working Group Protocol 
The Working Group protocol focuses only on human health effects, addressing 
both carcinogenic and non-carcinogenic impacts. This protocol recognizes that 
TPH is comprised of two basic classes of hydrocarbons—aliphatic and 
aromatic—that differ in chemical structure. Each of these hydrocarbon classes 
possesses distinct physical and toxicological characteristics which vary widely with 
the boiling point of the hydrocarbon and contribute to the overall fate, transport, 
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and toxicological characteristics of the TPH mixture. The basis of the Working 
Group's approach has been published in a series of documents (TPH Criteria 
Working Group Vols. 1-6, 1997). 

The Working Group methodology relies on the separation of petroleum into 13 
fractions (Table 1-1). The separation of these fractions is initially based upon the 
physical structure of the compounds, i.e., aromatic or aliphatic. Further divisions 
are made based on order of magnitude differences in fate and transport 
characteristics, such as water solubility and vapor pressure. Divisions between 
fractions are made using an equivalent carbon number (EC). The equivalent 
carbon number is determined by the retention time of TPH constituents on a gas 
chromatography (GC) column relative to n-alkanes (straight-chained aliphatic 
compounds) of known carbon number. This retention time is closely related to 
the boiling points of the different hydrocarbons. Thus, the EC is a function of 
the chemical boiling point and is therefore useful for predicting a compound's fate 
and transport characteristics. 

Table 1-1   Aromatic and Aliphatic Fractions 

Aromatic Fraction Aliphatic Fraction 

EC5-7 (Benzene) EC5-6 

EC>7-8 (Toluene) EC* 6-8 

EO8-10 EO8-10 

EC> 10-12 EC> 10-12 

EC> 12-16 EC> 12-16 

EC> 16-21 EC> 16-21 

E021-35                    | 

Because aromatic compounds tend to have slightly higher boiling points than 
aliphatics composed of the same number of carbon atoms, the EC for an aromatic 
compound is slightly higher than the actual number of carbons in the aromatic 
molecule. For example, the EC5-7 aromatic fraction would contain compounds 
with GC boiling points between n-pentane (a 5-carbon w-alkane) and «-heptane 
(a 7-carbon w-alkane). When normalized to boiling point, the only aromatic 
which falls in this range is benzene, a 6-carbon aromatic compound with an EC 
of 6.5. Although toluene is a 7-carbon aromatic compound, it has an EC of 7.6, 
and is not contained within the EC5-7 aromatic range. 

The 13 TPH fractions have been assigned specific toxicological, fate, and 
transport characteristics which are based upon an extensive review of available 
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data for individual compounds or for petroleum mixtures representative of the 
fraction. In general, three specific trends are observed for aromatics and aliphatics 
with similar ECs: 

• Aromatics are more water soluble than aliphatics 

• Aliphatics are more volatile than aromatics (with the exception of 
benzene), and 

• Aliphatics exhibit a stronger tendency to bind to soil particles than do 
aromatics 

As a result, aromatics pose a greater risk to human health than do aliphatics 
through pathways such as leaching from soils to groundwater and groundwater 
ingestion. Light aliphatic hydrocarbons such as hexane, however, exhibit the 
most risk through volatilization pathways due to their greater tendency to 
partition into air. A list of fate and transport properties and values for the 13 
TPH fractions is provided in Table 1-2. 

Table 1-2   Example Hydrocarbon Fractions and Associated Properties 
Based on an Equivalent Carbon Number Index 

Solubility 
(mg/L) 

Henry's Constant!  p^e j   £» 
(dimension.ess) | P^re j  «* 

PF 
(soil/water) 

VF 
(soil/vapor) 

Aliphatic Fractions 

EC5-6 

EC > 6-8 

EO8-10 

28 

4.2 

0.33 

34 

82" 

05 

0.85~ 
2.8 7 
-3TT 

JO       J       0.3 
40       !       0.9 

0.0081 

EC> 10-12 

E012-I6" 
EC> 16-21 

0.026 

5.9^10^ 

l.ÖxlÖ'6 

130 

540 

6,400 

7^8x10-" 

3jfxloT5 
5.4 3,000 

UxlO6 

4.5   j       300 6 

 "7,000" 
I.ÖxlO7   I   T.ÖxlO5 

6.9 7x10" 

Aromatic Fractions 

EC5-7 (Benzene) 

EC> 7-8 (Toluene) 

EC>8-10 

EC > 10-12 

EC>12-16 

EC> 16-21 

EC> 21-35 

18 

520 

65 

25 

5.8 

0.51 

0.0066 

0.23 

~"Ö27~" 
"0 49 

0.14 

0.054 

0.013 

6.8 xlO'4 

0T3 

Ö.Ö38 

0 ÖÖ81 

7.8X104 

'3~5x~I0-5" 

1.7 xlO"6 

7.9X109 

1.9 
2.4 

0.9 

3.2 

3T4 

3.7 

4.1 

2 

20 

20 

50 

100 

1,000 

9 

50 

200 

2,000 

4.0 xlO4 

3.0X107 

NOTES: 
Values are based on pure compounds.  Behavior may differ in complex mixtures. 
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Note that in this table, vapor pressures are the same order of magnitude for 
aliphatic and aromatic hydrocarbons having similar ECs. This relationship 
reflects the fact that the fractions are defined by their boiling points, which are 
determined by vapor pressure. Thus, compounds with similar ECs will have 
similar boiling points and vapor pressures. 

Once fate and transport fractions were determined, toxicity values, reference doses 
(RfDs) and reference concentrations (RfCs) were determined for each fraction by 
the Working Group. The values were based on the best available toxicity 
information, which included the measured toxicity of mixtures dominated by 
given fractions or the measured toxicity of individual indicator compounds 
contained within a given fraction. 

Since reliable toxicity data were largely unavailable for the majority of compounds 
and for complex TPH mixtures, the same RfD or RfC was in some instances 
assigned to different fractions. A summary of the fraction-specific RfDs and RfCs 
calculated by the Working Group is provided in Table 1-3. 

Table 1-3  Working    Group    Toxicology    Fraction-Specific 
(mg/kg/day) 

RfDs 

Carbon Range Aromatic RfD Critical Effect Aliphatic RfD Critical Effect 

EC5-6 
EC7-8 

0.20 - Oral 
0.10 - Inhalation 

Hepatoxicity, 
Nephrotoxicity 

5.0 - Oral 
5.0 - Inhalation 

Neurotoxicity 

EC9-10 
EC11-12 
EC13-16 

0.04 - Oral 
0.05 - Inhalation 

Decreased body 
weight 

0.1 - Oral 
0.3 - Inhalation 

Hepatic and 
hematological changes 

EC 17-21        ! 0.03 
EC22-34        | 

Nephrotoxicity   j 1.00 Hepatic (foreign body 
reaction) granuloma 

The RfDs and RfCs developed are for non-carcinogenic compounds which 
represent the mass of petroleum constituents remaining for evaluation after 
carcinogenic indicators have been assessed. The Working Group methodology is 
not intended to replace evaluation of carcinogenic indicator compounds, which 
should be assessed prior to evaluating the non-carcinogens. Carcinogenic 
indicators are always evaluated separately because their presence, even in 
relatively low concentrations, will usually drive cleanup. The hazard assessment 
for TPH fractions would only be used in cases where indicator compounds are not 
present or are present below regulatory action levels. More information on the 
development of the values shown in Table 1-3 is provided in Working Group's 
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Document No. 4 "Development of Fraction-Specific Reference Doses (RfDs) and 
Reference Concentrations (RfCs) for Total Petroleum Hydrocarbons (TPH)." 

In general, aromatic fractions have lower RfDs than aliphatic fractions, and are 
approximately an order of magnitude more toxic than the corresponding aliphatic 
fractions. These values are based on chronic effects which include hepatoxicity 
(liver toxicity), nephrotoxicity (kidney toxicity), and decreased body weight. 
Note that the approach is conservative, in that additive effects are assumed even 
though in many cases the target organs may differ. 

Within a framework such as RBCA, the toxicity, fate, and transport information 
defined by the Working Group can be used to perform a risk-based analysis of 
each fraction within the petroleum mixture. This analysis is used to develop soil 
and groundwater cleanup levels for TPH that are protective of human health. 
Fraction-specific RBSLs are estimated for each applicable exposure scenario by 
combining fate and transport information with the RfDs and RfCs for each 
fraction. The risk that is associated with the TPH mixture as a whole is 
determined by combining the risks associated with individual fractions in 
accordance with their composition in the TPH mixture. This methodology is 
presented in detail in Section 4.2.1 of this document. 

1.2 Overview of RBCA Process 
The RBCA framework integrates "site assessment, remedial action selection, and 
monitoring with U.S. EPA-recommended risk and exposure assessment practices" 
(ASTM, 1995). It is designed to allow the user to make corrective action 
decisions for different sites in a consistent manner, while remaining protective of 
human health. Because the RBCA approach is tiered, it is more flexible and 
therefore more cost-effective than traditional approaches, under which all sites are 
required to conform to uniform standards and procedures, regardless of site- 
specific conditions. An overview of the first two tiers of the RBCA approach is 
shown in Figure 1-1. 

The core elements of the RBCA framework are an understanding of: 

• The characteristics of the source contamination 

• The pathways through which contaminants move in the environment, 
and 

• The existing and potential receptors exposed to the contaminants 

Introduction 

A-20 



,_ 

0_ 
Lü 
1— 
(/) 

I&ä.A'A. H 
•?.~: ü_ w 
»' UJ i> 

$$i 

col 

0-1 Uli 
\m\ 

m 
0_ 
LU 

in 

Initial   Site  Assessment 
Conduct site investigation and  complete Tier  1   Summary 
Report to organize available site information regarding 
principal contaminants, extent of affected environmental 
media, and potential  migration pathways and receptors. 

Site  Classification  and   Interim   Response 
Classify site per specified scenarios and implement 
specified  interim  response actions. 

Reclassify site  as appropriate following  Interim Response 
Actions,  or additional  data collection. 

Interim  Corrective 
Action 

Conduct partial source removal 
or other actions to reduce the 
risk(s) and site classification 

Tier   1   Evaluation 
Identify reasonable  potential sources, transport pathways, 
and exposure  pathways. 

Select appropriate Tier  1   risk-based  screening  levels 
(RBSLs) from the Tier  1   "Look—Up Table",  or other 
relevant criteria  (aesthetic criteria,  etc.).     Compare these 
values with  site conditions. 

Yes 

Yes 

Compliance   Monitoring/ 
No   Further  Action 

Corrective  Action 
Program 

Tier  2  Evaluation:   Site-Specific  Goals 
Collect additional  site  data as needed. 

Conduct Tier 2 assessment &  Compare Tier 2 site- 
specific target levels  (SSTLs)  with  site conditions. 

Interim  Corrective  Action 
Reclassification 

Yes 

Compliance  Monitoring/ 
No  Further Action 

Corrective  Action 
Program 

Copyright    ©   ASTM   1995 
To  Tier  3 

1/15/199 PRATT 

5-3267-200 

9/IB/95 
CAD RLE    I   3267S0D5 

ASTM  RBCA 
TIER   1   AND  TIER  2  PROCESS 

train 
REMEDIATION 

TECHNOLOGIES INC 
cm*!»,: ^ 

"IGURE   1-1 
m 

A-21 



TPH Criteria Working Group Field Demonstration 

These elements are incorporated into a three-tiered approach which involves 
increasingly sophisticated levels of data collection and analysis. The initial tier, 
Tier 1, uses conservative assumptions, some of which are independent of site 
conditions, and which are replaced in later tiers (i.e., Tiers 2 and 3) by less 
conservative site-specific assumptions. The soil cleanup goals defined for each tier 
may be less costly to achieve than those defined by the previous tier. As a result, 
upon completion, the user can review the results after each tier and decide if the 
cost of conducting additional site-specific analyses for the next tier are warranted 
by the potential cost reduction associated with an alternative remedial action. 

1.3 El Toro Analysis 
The RBCA process begins with an assessment of site conditions, receptors, and 
pathways to determine the applicable pathways to assess in the Tier 1 analysis. 
For the two El Toro sites, data on carcinogenic TPH indicators and 
non-carcinogenic TPH were generated to complete a RBCA Tier 1 analysis of 
TPH risk associated with these sites. The RBSLs developed in the Tier 1 analysis 
were then compared to measured TPH concentrations to determine the need for 
and extent of remedial action required to meet TPH cleanup goals. 
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2 Site Conditions 

Detailed information on site use, geology, hydrogeology, meteorology, lithology 
and soils is included in the Draft Final Phase II Remedial Investigation: OU-3A Sites, 
MCAS El Toro (OHM, 1997). This section provides a summary of information 
relevant to the RBCA analysis. 

2.1  Facility Description 
MCAS El Toro is located in central Orange County, California, approximately 45 
miles southeast of Los Angeles (Figure 2-1). The site encompasses approximately 
4,700 acres, is located on the southeastern edge of the Tustin Plain, and extends 
into the Santa Ana Mountains. The San Diego Creek, which flows to Upper 
Newport Bay, is located about 1 mile southwest of the site (OHM, 1997). 

MCAS El Toro was established in 1942 as an operational training facility for 
United States Marine Corps pilots. The station provides services and material to 
support aviation activities of the Marine Corps and is responsible for operations 
and maintenance of military aircraft and ground support equipment. 

Access to the El Toro facility is limited to four gates in the boundary fence which 
surrounds the station. The runways, two running north-south and two running 
east-west, divide the site into four quadrants (Figure 2-1). Land use in these areas 
is described below (OHM, 1997). 

• Northwest Quadrant: primarily administrative services 

• Northeast Quadrant: Marine Aircraft Group activities, family housing, 
community services and storage 

• Southeast Quadrant: administrative services, maintenance facilities, 
storage and golf course 

• Southwest Quadrant: maintenance facilities, supply and storage and 
limited administrative services 

MCAS El Toro has approximately 400 UST sites, including approximately 60 
with active tanks. Approximately 200 inactive tanks have been removed and the 
Station is in the process of remediating and closing impacted sites (OHM, 1996). 
Two of these inactive UST sites, located in the NE and SE quadrants, have been 
selected as demonstration sites for the Working Group's TPH methodology. 
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These are former UST sites 380A and 529, shown on Figure 2-1 and in more 
detail on Figures 2-2 and 2-3. 

2.1.1 UST Site 380A 
Site 380A is located in the northeastern quadrant of the MCAS El Toro facility, 
within a storage yard area (Figure 2-2). A 10,000-gallon diesel UST was installed 
in 1954 as part of the site emergency power generation system. No secondary 
containment system was installed in conjunction with the tank. The tank was 
removed in 1993 by American Processing. The total depth of the tank excavation 
was 14 feet (OHM, 1995). Diesel-range TPH and toluene were detected in 
samples taken during the excavation at depths of up to 31 feet below ground 
surface (bgs). Groundwater is reported to be approximately 200 feet bgs (OHM, 
1996). Current land use in the vicinity of Building 380A is predominantly light 
industrial and research and development. Approximately one-half to one mile to 
the east lie some residential and recreational areas as well as a habitat reserve. 

2.1.2 UST Site 529 
Site 529 is located in the southwestern quadrant of MCAS El Toro, near a former 
laundry boiler plant (Figure 2-3). An underground 25,000-gallon rectangular 
concrete tank (originally used for heating oil for the base laundry) and associated 
piping were removed in June 1997 by OHM. The site was excavated to a depth 
of approximately 19 feet. Diesel and motor oil range hydrocarbons were detected 
as well as low levels of BTEX constituents (benzene, toluene, ethylbenzene, and 
xylenes). Moreover, charcoal-like consistency TPH has been detected at several 
boring locations at this UST. This highly carbonized form of TPH may be the 
result of a former heating line which ran along the fuel tank. The area 
surrounding Building 529 is used predominantly for cargo. Some airport support 
and restricted areas are adjacent to the main cargo area. 

2.2 Site Geology and Hydrogeology 
MCAS El Toro is located on the southeastern edge of the Tustin Plain, which is 
comprised of alluvial fan deposits derived from the Santa Ana Mountains. These 
deposits consist of "isolated coarse-grained, stream-channel deposits contained 
within a matrix of fine-grained overbank deposits that range in thickness up to 
300 feet" (OHM, 1997). Silts and clays predominate in the central and 
northwestern portion of the site. Near the foothills, coarse to fine poorly sorted 
sands containing some clays are encountered. 

Soil borings from Site 380A contained silty, poorly graded sands with some 
gravels to depths of approximately 50 feet bgs. In general, sands become slightly 
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coarser with depth and gravels become more evident. Groundwater was not 
encountered in these borings, which extended to depths of approximately 55 feet 
bgs. 

Soil borings from Site 529 contained predominantly poorly graded sands with 
some silts and fine sands. Some gravels were encountered at depths greater than 
80 feet bgs. Groundwater was encountered in one boring at a depth of 104 feet 
bgs, but was not observed in four additional borings, three advanced to 100 feet 
bgs, and one to 40 feet bgs. 

Regionally, groundwater flow is assumed to be unconfined in this area, 
discharging to irrigation wells or westward to the Main Orange County Basin. 
The Phase II RI concluded that, based on water level and water quality data, 
there exist two aquifer zones, separated by finer-grained, lower permeability 
material. The shallow aquifer zone consists primarily of sediments, while the 
deeper, principal aquifer zone is comprised of interbedded fine grained silts and 
coarse gravels. The shallow aquifer correlates with the alluvial deposits described 
above. 

At the northeastern boundary of the MCAS El Toro facility, groundwater is 
encountered at a minimum depth of 240 feet bgs. However, along the 
southwestern boundary, groundwater is encountered approximately 85 feet bgs 
(OHM, 1997). This is consistent with observations from soil borings described 
above and previous site investigations. Groundwater was encountered at 104 feet 
bgs in a boring near Building 529, located in the southwestern portion of the site. 
Borings from the area near Building 380A were not advanced to the water table, 
however, previous investigations report groundwater at a depth of approximately 
200 feet bgs (OHM, 1996). Water level data from 1989 indicate that 
groundwater flows generally to the northwest at a gradient of 0.0066 ft/ft (OHM, 
1997). Phase I RI data indicate northwestern flow at a gradient of 0.008 ft/ft. 

2.3 Physical Characteristics of Site Soils 
Soil samples obtained from borings in the demonstration sites were submitted for 
geotechnical laboratory analysis. The analytical reports are included in Appendix 
A-l. 

The soil samples from both sites were generally coarse-textured sands and silty 
sands. Total porosities ranged from 0.27 to 0.41 in samples from Site 529, with 
an average porosity of approximately 0.35. The samples were taken from 40 to 
70 feet bgs, and boring logs indicated silty sands to sands at these depths. 
Porosities in samples from Site 380A were slightly higher, ranging from 0.32 to 
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0.44 at depths of 30 to 45 feet bgs, corresponding to silty sands and sands with 
silts. 

The dry densities and specific gravities were approximately 100 to 120 
pounds/cubic foot and 2.6 to 2.7, respectively, for samples obtained from each 
location. Moisture content ranged from 2.3 to 10.9 percent in the samples from 
Site 380A and from 7.6 to 24.6 percent in the samples from Site 529. The pH 
of these samples ranged from 6.7 to 9.2. 

Permeability tests yielded values ranging from 2.5 x 10'8 to 9 x 10'6 cm/sec at 
Site 529 and 5.9 x 106 to 9.2 x 10'4 cm/sec at Site 380A. These values were 
derived from bagged samples which are generally repacked for analysis. This 
repacking procedure tends to eliminate the natural bedding of the soils and, 
therefore, the derived values are most likely representative of horizontal 
conductivity rather than vertical conductivity. 

Hydraulic conductivity (K) can also be estimated from grain size analysis results 
where K (in cm/sec) is equal to the D,0 grain size (in mm) squared (Freeze and 
Cherry, 1979). Most of the results of the grain size analyses did not include a D10 

value, although in these cases it can be assumed that the D10 value is less than 
0.001 mm, based on the graphical representation of the grain size distribution. 
This assumption would yield a hydraulic conductivity of less than 
1 x 10"6 cm/sec, consistent with the permeability testing results. One sample 
from Site 380A had a D10 of 0.0661 mm, yielding a hydraulic conductivity of 
4.4 x 10"3 cm/sec and one sample from Site 529 had a D10 of 0.0032 mm, 
yielding a hydraulic conductivity of 1 x 10s cm/sec. These results are one to 
three orders of magnitude higher than those derived in the permeability testing. 
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3 Analytical Methods and Results 

3.1 Sampling Procedures 
Soil borings at the MCAS El Toro facility were drilled using a hollow stem auger 
drill rig and soil samples were collected with a high-carbon steel California-style 
sampler, using standard sampling techniques. Soil samples for geotechnical and 
chemical analyses were collected with a California-style sampler with brass 
sleeves. Sampling was performed using the surface drop hammer system. This 
system utilizes an 18- to 24-inch-long California-style sampler to collect soil 
samples. When employing an 18-inch (or 24-inch) sampler, three (or four) 6-inch 
brass sleeves were used to collect soil samples. The sleeve selected for 
geotechnical and chemical analyses was the one with the most representative, 
cohesive, and undisturbed soil core as determined by observation by the on-site 
geologist. 

Figure 2-2 shows boring locations near Building 380A. Two borings, 380SB-02A 
and 380SB-02B, were advanced to depths of approximately 55 feet bgs. Soil 
samples were collected at various depths from each boring. Figure 2-3 shows 
boring locations near Building 529. Five borings, 529SB-01 to 529SB-05, were 
advanced to depths of approximately 100 feet bgs, with the exception of 
529SB-03, which was advanced to approximately 40 feet bgs. Several samples 
were obtained at various depths from each boring. Forty samples were submitted 
for screening analyses, using Method 8015M for TPH and Method 8020 for 
BTEX analysis. Fifteen soil samples were submitted for TPH fractionation 
analysis, using the Direct Method. 

3.2 Direct Method 

3.2.1    Analytical Approach 
In the Direct Method, aliphatics and aromatics are separated prior to analysis. 
This separation procedure is done using either alumina (modified EPA Method 
361 IB) or silica gel (modified EPA Method 3630B or C), which can be used to 
fractionate petroleum materials into saturates, aromatics, and polars. In the 
Direct Method, a shorter column is used to minimize dilution, and w-pentane is 
used for extraction and to elute the aliphatics. Methylene chloride is used to 
elute aromatics from alumina and a mixture of methylene chloride and acetone 
is used for elution of aromatics from silica gel. 
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Following separation of the aromatics and aliphatics on the alumina or silica gel 
column, the two separate extracts are analyzed by GC/FID. In cases where light- 
end constituents (i.e., <EC9) are observed, GC/mass spectrometry (MS) may be 
performed, especially to quantify the BTEX compounds. 

3.2.2    Results 
Fifteen soil samples from the two sites chosen for demonstration were submitted 
to Lancaster Laboratories (Pittsburgh, Pennsylvania) for fractionation analysis by 
the Direct Method. The analytical results are summarized in Tables 3-1 and 3-2, 
and the laboratory reports are included in Appendix A-2. Total TPH 
concentrations ranged from 150 to over 1,300 mgfcg at Site 380A and from 1,300 
to 8,500 mgfcg at Site 529. 

3.2.2.1 Site380A 
The source of contamination in this area is a leaking UST which contained diesel 
fuel for emergency power generation. TPH at this site is composed of 
approximately 25 percent aromatics and 75 percent aliphatics, with the majority 
in the EC> 12-35 range (Table 3-1). This composition is consistent with that of 
most middle distillate fuels, which typically contain between 3 and 40 percent 
aromatic compounds (API, 1994). Figure 3-1 graphically shows the percentage 
of hydrocarbons attributable to each aromatic and aliphatic fraction quantified 
using the Direct Method. The EC5-7 and EC7-8 aromatic fractions correspond 
to benzene and toluene, respectively. From this analysis, benzene was detected 
in only one sample (380SB-02B-33) at a concentration of 2.11 mg/kg. Toluene 
was not detected in any of the samples. This result is consistent with the 
composition of diesel fuels, which generally do not contain BTEX compounds. 

3.2.2.2 Site 529 
Analytical results for samples taken from two borings (04 and 05) installed at Site 
529 are summarized in Table 3-2. Figures 3-2 and 3-3 show the distribution of 
hydrocarbons in TPH from each of the two borings. The similarity of these 
distributions is consistent with one contaminant source, assumed to be a leaking 
heating oil UST. Material from this location is composed of approximately 30 
percent aromatics and 70 percent aliphatics, most of which fall in the EC> 10-35 
range. The distribution is consistent with the composition of heating oil, which 
typically contains 70 to 80 percent aliphatics and 18 to 30 percent aromatics 
(API, 1994). Average TPH distributions for samples from the two sites are shown 
in Figure 3-4. The Site 529 TPH contains slightly lighter hydrocarbons than the 
TPH encountered near Building 380A, although neither benzene nor toluene 
(EC5-7 and EC7-8 aromatic fractions) was detected in any of the Site 529 
samples. 
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TPH Criteria Working Group Field Demonstration 

3.3 Conventional Method 

3.3.1 Analytical Approach 
Conventional methods for TPH analysis, such as EPA 8015, begin with a 
methylene chloride extraction, followed by gas chromatography (GC) with flame 
ionization detection (FID) methods to separate petroleum compounds based on 
molecular weight and/or boiling point. The resulting chromatograms are then 
compared to those of known mixtures of compounds (such as gasoline or diesel) 
to quantify the hydrocarbons in given carbon ranges. Numerical results are 
calculated by integrating the area under the curve over carbon ranges associated 
with those of known mixtures. 

3.3.2 Results 
Forty soil samples were submitted to EMAX Laboratories in Torrance, California, 
for analysis of TPH and BTEX by EPA Methods 8015 and 8020, respectively. 
The laboratory analytical reports are included in Appendix A-3. Results from soil 
borings 380SB-02B, 529SB-04 and 529SB-05 (those with samples analyzed by 
the Direct Method) are summarized in Tables 3-3 and 3-4. 

Extractable TPH concentrations ranged from 41 to 3,300 mglcg in samples from 
Site 380A. The chromatograms indicate hydrocarbons in the diesel range, 
primarily Cl 1 to C29. No purgeable TPH or BTEX compounds were detected 
in any of the six samples submitted for conventional analysis from this site. 

Fourteen soil samples were submitted for conventional analysis from Site 529. 
One sample, taken at 100 feet bgs from soil boring 529SB04 was non-detect for 
all compounds. For samples with detectable TPH, extractable TPH 
concentrations ranged from 1,800 to 24,000 mg/kg, with the majority in the C9 
to at least C25, and up to C34 range. Moreover, purgeable TPH concentrations 
in these samples ranged from 110 to 770 mg/kg, although the laboratory reports 
that the samples do not match a typical gasoline standard. Benzene was detected 
in three samples, all from soil boring 529SB05, at concentrations from 200 to 420 
^g/kg. Toluene, ethylbenzene and xylenes were detected in an additional 10 
samples, from both boring locations. 

3.4 Comparison of Methods 
The term TPH, when used to describe an analytical method, suggests that the 
combined concentrations of all petroleum-derived hydrocarbons present at a site 
are measured. Cleanup levels based on TPH assume that a result generated using 
a conventional TPH method (e.g., EPA 418.1 or EPA 8015) is an accurate 

Analytical Methods and Results 
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TPH Criteria Working Group Field Demonstration 

measurement of petroleum-derived contamination. An underlying assumption of 
conventional TPH methods when these results are used to determine cleanup 
criteria is that the measured TPH concentration is associated with a known level 
of risk. In reality, neither of these assumptions is true. The results generated 
using these methods may, in fact, bear little relationship to the true risk, due to 
the complex nature of petroleum hydrocarbons, the compositional changes that 
occur due to weathering, and the potential for complex matrix interferences (a 
particularly important concern for soil analysis). 

There are a variety of analytical techniques available for measuring TPH in the 
environment. One of the reasons for such a large number of TPH methods is that 
no single method is preferred for all types of petroleum contamination. Some 
methods measure more of the TPH present because they use more rigorous 
extraction techniques or more efficient solvents. However, many of these 
methods (e.g., those based on infrared [IR], such as EPA Method 418.1) are also 
subject to interferences from naturally-occurring organic materials including peat 
moss, dried grass, or humic material present in topsoil. These materials may be 
recorded as part of the total contamination present and result in higher than 
expected TPH concentrations that are attributable to this organic material. Given 
the non-specificity of TPH measurements, it is not surprising that TPH 
concentrations do not necessarily correlate to risk. 

The Direct Method was developed to provide the level of specific information 
necessary to conduct a risk-based analysis of TPH. As described in Section 1.1, 
the behavior in the environment of different compounds which comprise TPH is 
dependent on the structure of the compound (i.e., aromatic or aliphatic) and can 
generally be correlated to the equivalent carbon number. Thus, the Direct 
Method's separation of aliphatics and aromatics and quantification of much 
narrower carbon ranges allows for more detailed characterization of the actual 
TPH encountered at a site. This detailed characterization can be used to more 
accurately evaluate risk attributable to TPH at the site. 

The conventional and fractionation TPH results from comparable samples are 
presented in Table 3-5 and Figure 3-5. Total TPH values from conventional 
methods represent the sum of extractable and purgeable hydrocarbons, while total 
TPH values from fractionation analysis represent the sum of all fractions. One- 
half of the detection limit was used for fractions not detected above the reporting 
limit. 

Analytical Methods and Results 

A-41 



TPH Criteria Working Group Field Demonstration 

Table 3-5   Comparison of Total TPH Values derived using Conventional 
and Fractionation Methods 

Boring ID 
i 

Sample Depth 
!          (feet bgs) 

Total TPH (mg/kg) 

i    EPA Method 8015 Direct Method 

Site 380A 

380SB-02B 15 2,005              | 437 

380SB-02B 20 NA 158 

380SB-02B 21 NA 402 

380SB-02B 32 3,305              I 1,201 

380SB-02B 33 2,505              ; 1,346 

Site 529 

20 15,460 3,879 529SB-04 

529SB-04 60 

80 

24,650              I 

13,700 

7,284 

5,175 529SB-04 

529SB-04 95 10,340              j 6,618 

529SB-05 20 7,690              j 8,349 

529SB-05 25 

50 

20,450 7,464 

529SB-05 22,770             | 8,332 

529SB-05 75 19,620 1,377 

529SB-05 77 

100 

NA                ! 

24,600 

1,943 

8,504 529SB-05 

NOTES: 
NA - not analyzed 
V2 Detection Limit was used for Non-Detect data 
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Figure 3-5 Comparison of Results from EPA Method 8015 and Direct 
Method 
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In many cases, the results from the two methods differ and there is little apparent 
correlation between the methods. A trend line fitted to this data set is plotted on 
Figure 3-5. The R2 value for this line is 0.33, indicating a poor fit to the data1. 
Higher TPH values from EPA Method 8015 do not necessarily indicate higher 
total TPH values from the Direct Method. The lack of correlation may be due to 
the fact that samples were split in the field for analysis at different laboratories. 
The variation may also reflect the spatial variability of soil quality in situ. Figures 
3-6 through 3-8 show TPH as a function of sample depth for each of the three 
borings included in this evaluation. Both 8015 and Direct Method results are 
plotted for qualitative comparison. It is clear that the conventional analysis tends 
to report values which are at least twice the values obtained by the Direct 
Method. 

The correlation coefficient, R2, is a measure of the goodness-of-fit between the data and the regression 
line. Values can range from 0< R2 < 1; a value of 0 indicates no correlation and a value of 1, a perfect 
correlation. 
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Figure 3-6 TPH   vs.  Sample  Depth   (380SB-02B):     Comparison  of 
Conventional/Direct Methods 
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Figure 3-7 TPH   vs.   Sample   Depth   (529SB-04):      Comparison   of 
Conventional/Direct Methods 
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Figure 3-8 TPH   vs.   Sample   Depth   (529SB-05):      Comparison   of 
Conventional/Direct Methods 

10.000 
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There are, however, some comparable general trends in the data obtained by these 
two analytical methods. For instance, in soil boring 529-SB04, the TPH 
concentration (as measured by each method) increases between 20 and 60 feet 
bgs, and decreases at greater depth. Thus, although the actual values obtained 
from the two methods for specific samples do not correlate well, each method may 
produce similar general trends in the data sets as a whole. 

Finally, although no benzene was detected in samples from Site 380A using 
Method 8020, benzene was detected in one sample using the Direct Method. 
Moreover, samples from Site 529 contained benzene and toluene, according to 
the Method 8020 results, but not according to the Direct Method results. 
However, the detection limits in the Direct Method were higher than the detected 
values from the conventional methods. This increased detection limit may "mask" 
detections at very low concentrations. In some cases, GC/MS analysis (EPA 
Methods 8240 or 8260) may be used to verify the presence of BTEX compounds 
following fractionation analysis. However, since BTEX compounds were not 
detected, the GC/MS method was not used. The effects of these discrepancies in 
BTEX concentrations will be discussed in more detail during development of 
RBSLs in the following section. 
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4 Tier 1 Analysis 

4.1  RBCA Evaluation 
The first step in a Tier 1 analysis is to identify complete exposure scenarios to be 
used in calculating RBSLs. A complete exposure scenario requires an identified 
source, a mechanism for transport, an exposure pathway, and a receptor. 
Figure 4-1 is an exposure scenario evaluation flowchart provided in the RBCA 
specification. To graphically portray potential exposure scenarios, boxes 
corresponding to each element (sources, transport mechanisms, pathways and 
receptors) present at the site are checked. Complete pathways are those pathways 
which can be followed from source to receptor. 

4.1.1 Source Identification 
As discussed in Sections 2 and 3, the primary sources of contamination in the two 
sites chosen for demonstration were materials which leaked from USTs. Near 
Building 380A, material characteristic of diesel was encountered in vadose zone 
soils. Near Building 529, heating oil is assumed to be the contaminant of concern 
in vadose zone soils. At Site 380A, preliminary investigations indicated that TPH 
concentrations in soil decreased to non-detectable levels at 40 feet bgs and that 
groundwater is located approximately 200 feet bgs (OHM, 1996). Thus, it is 
unlikely that groundwater has been impacted at this site. However, at Site 529, 
impacted soils extend to depths of at least 100 feet bgs, and groundwater was 
encountered at approximately 104 feet bgs. In this case, it is likely that 
groundwater has been impacted. However, for purposes of this demonstration, 
the source area was assumed to be limited to vadose soils and did not include 
impacted groundwater or free phase product. Furthermore, although no data are 
available for surface soils (<2 feet bgs) at either location, it was assumed for 
conservatism and for illustration purposes that both surface and subsurface soils 
are impacted and act as secondary sources of contamination. 

4.1.2 Transport Mechanisms 
Contaminants present in surface and subsurface soils may be transported via wind 
erosion, volatilization to surface air (either indoor or outdoor) and leaching to 
groundwater. Each of these transport mechanisms is assumed to be viable at the 
MCAS El Toro site. 
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4.1.3 Exposure Pathways 
At the MCAS El Toro site, the following exposure pathways are assumed to exist: 

• Direct contact with impacted soils in which contaminants may be 
ingested, inhaled with dust or vapors or absorbed through the skin 

• Inhalation of vapors in indoor or outdoor air 

• Ingestion of impacted groundwater 

Although groundwater in the area is not likely to be used for drinking water 
purposes, this pathway is often a major pathway of concern. This pathway was 
therefore included for the purposes of the overall demonstration program. 

4.1.4 Receptor Identification 
Because the MCAS El Toro site is an active facility which includes both 
residential and commercial activities, it was assumed that both residential and 
commercial receptors exist. Although a wildlife habitat exists near the MCAS El 
Toro site, it is outside the scope of this demonstration project to assess ecological 
impacts. 

4.1.5 Complete Exposure Scenarios 
Based on the exposure pathway evaluation, the following scenarios have been 
selected for evaluation in Tier 1, based on surface and subsurface soils as the only 
contaminant sources remaining at the site: 

• Direct contact with  surface  soils  by residential  and  commercial 
receptors 

• Inhalation of indoor air by residential and commercial receptors 

• Inhalation of outdoor air by residential and commercial receptors 

• Ingestion of groundwater by residential and commercial receptors 

The procedures used to calculate RBSLs for each pathway and receptor differ 
from standard RBCA procedures, as is discussed in the following section. 

Tier 1 Analysis 
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4.2 Calculation of Tier 1 RBSLs 
RBSLs are defined by ASTM as "risk-based site-specific corrective action levels 
for chemical(s) of concern developed under the Tier 1 evaluation." Tier 1 RBSLs 
were calculated using a procedure developed by the Working Group. This 
procedure differs from the RBCA framework in that it considers additivity of risk. 
Additivity of risk is typically not considered in a Tier 1 evaluation, since RBSLs 
are generally developed for a limited number of constituents. However, because 
TPH is a mixture, the approach used to calculate TPH RBSLs differs from that 
used for individual chemicals. Evaluating TPH as a mixture is also important for 
assessing the interactions between different individual chemicals or fractions that 
impact fate and transport modeling. The RBSL calculations can use Raoult's Law 
to more accurately represent the behavior of chemicals in a mixture. For this 
analysis, mixture effects as defined by Raoult's Law were excluded for 
conservatism and for consistency with the first demonstration project (RETEC, 
1997). 

For non-carcinogenic risk, the limit of acceptable risk is defined as "the target 
hazard quotient (HQ) which is equivalent to a hazard index (HI) of 1.0" (ASTM, 
1995). The HI is the ratio of anticipated actual exposure to the exposure which 
corresponds to a risk level deemed acceptable. The hazard index for non- 
carcinogenic risk is analogous to the target excess individual cancer risk values of 
10"4 or 10"6 for carcinogenic risk. To incorporate the concept of risk additivity 
into the calculation of an RBSL for the TPH mixture, hazard quotients2 are 
calculated for each TPH fraction. Rather than compare each individual HQ to 
an acceptable value of 1.0, the sum of all the HQ values is calculated to derive the 
overall HI. This HI for the entire TPH mixture (i.e., all fractions combined) is 
compared to the acceptable risk level of 1.0. 

It is important to note that the assumption of risk additivity when calculating a 
mixture RBSL for TPH is highly conservative, because the toxicological 
information for the target fractions indicates that these fractions often impact 
different organs. Typically, additivity of risk is appropriate for constituents or 
constituent classes which impact the same organ. 

Another important concept considered in the RBSL calculation is an upper 
exposure limit for cross media pathways. This upper limit, the chemical 
saturation concentration (Csat), is the soil concentration at which the sorption 
limits of the soil particles, the solubility limits of the soil pore water, and the 

2     A hazard quotient is calculated in the same manner as a hazard index.  However, the term "hazard 
quotient" refers to a risk associated with a portion of the entire risk as expressed by the hazard index. 

Tier I Analysis 

A-49 



TPH Criteria Working Group Field Demonstration 

saturation limit of the soil pore air have been reached. It is important to stress 
that Csat is not equivalent to the concentration at which free product is observed. 
Rather, it is an upper limit for transport of petroleum fractions in cross-media 
pathways, such as soil leaching to groundwater or volatilization to ambient air. 

A similar and related term, which is sometimes confused with Csat, is residual 
saturation (RES). When calculating an RBSL, a value of RES means that the 
selected risk level (e.g., HI = 1.0) could not be reached or exceeded for the 
pathway and scenario given the constituents present, regardless of the 
contaminant concentration. The value of RES is attained at the TPH 
concentration at which the Csat of the mixture is reached (i.e., each fraction has 
reached Csat). When calculating a "whole TPH" RBSL, a value of RES indicates 
that even if the concentration of each fraction is set equal to Csat for that fraction 
and pathway, the combined risk associated with each fraction still does not yield 
a HI of 1.0. 

The term "residual saturation" is sometimes used to define the soil concentration 
at which NAPL is mobile. In the context of this report, however, it is only used 
to indicate the TPH chemical saturation point. In fact, residual saturation 
represents a range defined by Csat as a lower limit and NAPL mobility (free 
product) as an upper limit. Within this range, cross-media transport is not 
affected because Csat limits the concentrations. Therefore, the calculated risk does 
not increase with an increase in soil contaminant concentration. 

However, Csat is not an appropriate constraint for direct exposure pathways such 
as the direct contact pathway, since the exposure is to the original impacted 
medium (i.e., contaminated soil), and not to a medium to which the soil 
contamination has been transferred. Although Csat may limit exposure for this 
pathway, not using Csat to limit exposure adds further conservatism to the risk 
calculation. 

Methods to integrate additivity and Csat in calculating a mixture TPH RBSL are 
discussed in the following section. The RBCA framework provides guidance and 
methodology for performing risk-based assessments of sites. It does not, however, 
require that a specific approach be adopted such as that outlined in this section. 
Incorporating concepts such as additivity and C^ is appropriate for increasing the 
accuracy of a Tier 1 or Tier 2 assessment of TPH at a site. 

4.2.1    RBSL Calculation Procedure 
RBSLs for each fraction and each pathway are calculated using standard ASTM 
RBCA default equations, using the fate and transport data presented in Table 1-2 
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and the toxicity data presented in Table 1-3. A more detailed discussion of the 
calculation procedures for single fraction RBSLs is included in Appendix B. 

Once fraction RBSLs are calculated, a "whole TPH" RBSL must be calculated 
which takes into account the additivity of risk associated with each fraction. This 
RBSL is equal to the TPH concentration which would yield a hazard index of 1.0. 
The procedure for calculating TPH RBSLs for cross-media pathways (such as 
leaching to groundwater and volatilization) based upon summing the risk from 
each fraction is complex. Please note that the following procedure is only 
appropriate for calculating RBSLs for cross-media (or indirect) pathways since it 
sets Csat as an upper limit for the RBSL. As explained above, Csat does not limit 
exposure for direct routes such as soil ingestion, dermal exposure, and inhalation 
of particulates. An additional procedure used to calculate exposure for direct 
pathways is provided later. 

4.2.1.1   Cross-media Pathways 
RBSLs for each TPH fraction are first calculated using equations set forth in the 
ASTM RBCA guidance. These equations and the Tier 1 default parameters used 
in them are included for reference in Appendix B. Following this step, a whole 
TPH RBSL is calculated which takes into account additivity of risk from each 
fraction. 

For leaching and volatilization pathways, transport and therefore exposure are 
maximized at the saturation concentration (Cat) for specific fractions. Using this 
as a basis, the hazard quotient for each fraction is calculated as the minimum of 
two values: 1) the weight percentage of the fraction times the whole TPH RBSL, 
divided by the fraction RBSL, or 2) Csat for the fraction, divided by the fraction 
RBSL. The hazard index, which must be less than or equal to 1.0, is defined as 
the sum of the hazard quotients for each fraction. Using these calculations, the 
whole TPH RBSL can be calculated iteratively, under the constraint that the sum 
of the weight fractions not exceed one. The equations used to solve for the whole 
TPH RBSL (CJPH) are shown below: 

(1) HI = £ HQt = £ MIN (^™ , ^L )< 1   given that, 
V   ' ■  , '     •  , RBSL        RBSL.   ' 6 
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i-ii 1=11 

(2) Zf^lJL*!   where, 
; = 1 i = i   CTPH 

Crm   = Whole TPH RBSL 
f = Weight Fraction of each TPH fraction 
RBSL = Tier 1 risk-based screening level for a TPH fraction 
Csa,     = Saturation concentration for each TPH fraction 
HI      = Hazard Index (typically <, 1) 
HQ    = Hazard Quotient for each specific fraction 
n = number of fractions (13 total) 

The saturation concentration is defined by the following equation: 

H6    + 6    + Jfcp 
Cc         c   as           m          srs 7 

v/ sat = S*    where, 

S = Fraction effective solubility [mg/L] 
Hc = Henry's Constant [dimensionless] 
0as = Soil volumetric air content [cm3/cm3] 
0WS = Soil volumetric water content [cm3/cm3] 
kj = Soil sorption coefficient (k^*^) [cm3/g] 
ps = Soil density [g'cm3] 

Equations 1 and 2 are iteratively solved for CJ-PH, which is the additive mixture 
(or whole TPH) RBSL for the soil sample. Because, as described in Section 4.2, 
residual saturation represents a range defined by Csat as a lower limit and NAPL 
mobility (free product) as an upper limit, no increase in risk occurs within this 
range with an increase in soil contaminant concentration due to limitations on 
cross-media transport. For purposes of developing RBSLs, Raoult's Law3 was not 
used to calculate the RBSLs presented in the following sections. 

4.2.1.2   Direct Contact Pathway 
For direct exposure routes such as soil ingestion, dermal absorption, and 
particulates inhalation, exposure is not limited by Csat.  This statement applies 

3     The value obtained for Csal will be considerably lower if the effective Csat of each fraction present in 
the sample is considered through the use of Raoult's Law. 
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until the presence of NAPL alters the physical characteristics of the soil. For 
example, if there is free product in the soil, there is less likelihood of dust being 
generated. The assumption is made that intake will continue to increase linearly 
with soil loading beyond Csat for ingestion, dermal, and paniculate inhalation 
pathways. Note that NAPL mobility is not an issue in a direct contact pathway 
since the receptor is already directly exposed to the contaminated soil. 

In this case, the hazard quotient for each fraction is defined as the weight 
percentage of the fraction times the whole TPH RBSL, divided by the fraction 
RBSL. The sum of all hazard quotients is equal to the hazard index for the 
mixture, which must be less than or equal to 1.0 to meet the target risk level. For 
the direct contact pathway, the following equation is solved: 

(4) HI = 'i HQ. = I f-^- < 1 

Similar to Equation 1, Equation 4 is solved iteratively to find C^ such that 
HI = 1 under the constraint of Equation 2. 

4.2.2    Calculation of RBSLs from El Toro Site Data 
Results from the fractionation analysis were used to calculate the Tier 1 RBSLs. 
Note that one-half the detection limit was used for all non-detect values. Further, 
analytical results for the EC> 16-21 and EC>21-35 aliphatic fractions were 
combined for these calculations to represent the heaviest of the Working Group's 
aliphatic fractions. 

For the Tier 1 evaluation, conservative, default values were used for the remaining 
input parameters. These are summarized in Appendix B. 

4.3 Tier 1 Results 
The RBSLs developed for the residential scenarios are provided in Tables 4-1 
through 4-6, and the model runs are included in Appendix C. Commercial RBSLs 
are included in Appendix D. At the MCAS El Toro facility, a residential scenario 
is currently not appropriate even though on-site workers may also live at the 
facility, because residential areas are located off-base. However, the more 
conservative approach is to evaluate exposures based on residential assumptions 
rather than commercial assumptions, if, for example, anticipated future land use 
included conversion of the base to a residential area. This demonstration focuses 
on the more conservative, residential scenarios, although the commercial scenarios 
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are included for reference and to illustrate the different values derived for each 
scenario. 

To determine the level of site risk for each of the scenarios evaluated, RBSLs are 
compared to TPH concentrations at individual locations to calculate a hazard 
index for each pathway as follows: 

„        , , j         TPH Concentration 
(<z\ Hazard Index =   
P) RBSLpalhway 

It is important to note that the lowest RBSL values do not necessarily provide the 
highest hazard index values. The hazard index is merely a comparison of the 
RBSL to the total TPH concentration at that location. A hazard index greater 
than 1.0 means that the measured TPH concentration at a given location exceeds 
the allowable concentration based on the Tier 1 assumptions. A hazard index less 
than 1.0 indicates that the measured TPH concentration is acceptable based on 
the risk-based calculations using conservative Tier 1 assumptions. 

For these scenarios, the target risk level of 1.0 for the hazard index was exceeded 
for some of the pathways evaluated at Site 529, while none were exceeded at Site 
380A. 

In most instances, the outdoor air pathway provides the highest RBSL values due 
to dispersion and mixing with ambient air. In general, volatilization to indoor air 
provides the lowest values due to default assumptions which lead to accumulation 
in indoor air. For the material encountered at each location included in this 
demonstration project, the lowest RBSLs were for the indoor air pathway, 
followed in order by direct contact, leaching to groundwater and the outdoor air 
pathways. 

4.3.1    Site 380A 

4.3.1.1   Soil Leaching to Groundwater Pathway 
Table 4-1 presents the RBSLs developed for the soil leaching to groundwater 
pathway for a residential scenario at Site 380A. RBSLs ranged from 
approximately 4,000 to almost 19,000 mg TPH/kg soil, with an average value of 
approximately 12,000 mg^kg. This wide range of RBSLs demonstrates how small 
variations in TPH distribution can affect calculated RBSLs. For this pathway, the 
hazard indices are all much less than the target risk level of 1.0. 

Tier I Analysis 
A-54 



TPH Criteria Working Group Field Demonstration 

Table 4-1   Residential Exposure via the Soil Leaching to Groundwater 
Pathway - Site 380A 

Sample ID 
Total TPH* 

(mg/kg) 
RBSL 

(mg/kg) 
Hazard Index 

380SB-02B-15 

380SB-02B-20 

380SB-02B-21 

380SB-02B-32 

380SB-02B-33 

437 

158** 

402 

1,201 

1,346 

11,363 

4,107 

10,453 

18,803 

15,730 

0.04 

0.04 

0.04 

0.06 

0.09 

Average: 
Standard Deviation: 

12,091 
5,596 

0.05 
0.02 

NOTES: 
* Total TPH = Sum of all fractions reported in Direct Method analysis, using xh detection limit for 

non-detect results. 
**   For this sample, only one fraction was above the detection limit; 101 mg/kg (of the total 158 

mg/kg) comes from non-detect results (using V2 detection limits).  RBSLs from this sample may 
not be representative. 

Figure 4-2 shows how each TPH fraction contributes to the overall risk. Sample 
380SB-02B-32 was selected for illustration purposes because results from most 
other samples from boring 380SB-02B were largely non-detect. In this graph, the 
"closer" line indicates the percent of the total hazard index (equal to the hazard 
quotient for each fraction) attributable to each TPH fraction, while the second 
line shows the distribution of TPH fractions measured in the sample. Note that 
although the last two aliphatic fractions were combined for the RBSL 
calculations, the hazard quotient was split proportionally between these fractions 
in this figure. 

For the leaching to groundwater pathway, it is clear that the majority of the risk 
(over 99%) comes from the aromatic fractions, while these fractions account for 
only 12 percent of the total TPH from this sample. Interestingly, the four lightest 
aromatic fractions were all non-detect in this sample; however, because one-half 
of the detection limit was used for calculation purposes, these four fractions 
account for almost 63 percent of the risk. The effects of detection limits, 
especially for the lighter aromatic fractions, will be discussed further in Section 
4.3.4.2. Finally, although the heavier aliphatics (EC> 12-35) account for over 85 
percent of the total TPH, they account for less than 1 percent of the risk in this 
pathway. The lower water solubility of the aliphatic fractions and the greater 
solubility of the lighter aromatics account for this apparent discrepancy in risk 
apportionment. 
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4.3.1.2   Direct Contact Pathway 
Table 4-2 presents RBSLs derived for the direct contact pathway in a residential 
scenario at Site 380A. RBSLs ranged from 5,000 to over 10,000 mg/kg (with an 
average value of approximately 7,700 mg/kg). The target hazard index of 1.0 was 
not exceeded for this pathway at this location. 

Table 4-2   Residential Exposure via the Direct Contact Pathway 
380A 

Site 

Sample ID 
Total TPH* 

(mg/kg) 
RBSL 

(mg/kg) Hazard Index 

380SB-02B-15 
—1_ 

380SB-02B-20 

437 

158** 

5,113 0.09 

6,475 0.02 

380SB-02B-21 402 6,345 

380SB-02B-32 1,201 9,909 

380SB-02B-33 1,346 10,542 

0.06 

0.12 

0.13 

Average: 
Standard Deviation: 

7,677 
2,397 

0.08 
0.04 

NOTES: 
* Total TPH = Sum of all fractions reported in Direct Method analysis, using Vi detection limit for 

non-detect results. 
**   For this sample, only one fraction was above the detection limit; 101 mg/kg (of the total 158 

mg/kg) comes from non-detect results (using V-i detection limits). RBSLs from this sample may 
not be representative. 

Figure 4-3 illustrates the percentage of total risk attributable to each TPH fraction 
for the direct contact pathway. Because direct contact with soils does not require 
cross-media migration, the percentage of risk attributable to each TPH fraction 
tends to mimic the distribution of TPH. However, the aromatic fractions, which 
account for 12 percent of the total TPH, account for 45 percent of the total risk 
and the aliphatics, which account for 88 percent of the total TPH, account for 
only 56 percent of the risk. Moreover, it is the heavier (EC> 12 aromatics and 
EC> 10-21 aliphatics) fractions which contribute the majority (97%) of the 
overall risk. This result is due to the greater relative abundance and relatively 
high toxicity (low RfDs) of these fractions. Note that for the direct contact 
pathway (unlike the leaching pathway), non-detect fractions had little impact on 
the RBSLs. 
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4.3.1.3  Volatilization Pathways 
Table 4-3 presents RBSLs for the volatilization to indoor and outdoor air 
pathways for residential scenarios at Site 380A. Under these scenarios, corrective 
action screening levels ranging from approximately 560 to over 630,000 mgfcg 
TPH were calculated. The lower end of this range represents values determined 
for the volatilization to indoor air pathway. The upper limit was developed for 
the volatilization to outdoor air pathway. As in the other pathways evaluated, the 
target risk level of 1.0 was not exceeded for these scenarios. In fact, the majority 
of the calculated hazard indices are 0.1 or less, with the greatest hazard indices 
ranging from 0.28 to 0.64 for the volatilization to indoor air pathway. 

Table 4-3   Residential Exposure via Volatilization to Indoor and Outdoor 
Air - Site 380A 

,   ._        !    Total TPH* 
SamP,e ID       ]      (mg/kg) 

RBSL 
Indoor 
(mg/kg) 

Hazard 
Index 
Indoor 

RBSL 
Outdoor 
(mg/kg) 

Hazard 
Index 

Outdoor 

380SB-02B-15               437 1,533 0.29 631,700 0.001 

380SB-02B-20             158** 557 0.28 228,302 0.001 

380SB-02B-21               402 1,410 0.29 581,095 0.001 

380SB-02B-32    !         1,201 1,872 0.64 227,556 0.005 

380SB-02B-33    j         1,346                2,239 0.60 185,952 0.007 

Average: \        1,522 
Standard Deviation:            629 

0.42 
0.19 

370,921     i    0.0029 
216,383         0.0031 

NOTES: 
* Total TPH = Sum of all fractions reported in Direct Method analysis, using V2 detection limit for 

non-detect results. 
**   For this sample, only one fraction was above the detection limit; 101 mg/kg (of the total 158 

mg/kg) comes from non-detect results (using V2 detection limits).  RBSLs from this sample may 
not be representative. 

Risk associated with the volatilization to indoor air pathway is illustrated in 
Figure 4-4. The risk is derived mostly (78%) from the EO8-I6 aromatic and 
aliphatic fractions, which comprise only 44 percent of the total TPH. This result 
is due to the greater volatility of the lighter fractions, which allows for increased 
transfer from soil to the gas phase, and subsequent migration to indoor air. As 
was true in the leaching pathway, although the lightest aromatic fractions were 
non-detect, they are responsible for over 17 percent of the risk (using half the 
detection limit for the RBSL calculations). 
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4.3.2    Site 529 
Under the residential scenarios evaluated from the Building 529 soil boring data, 
RBSLs ranged from 660 mgfcg to greater than 100 percent TPH. The trends in 
RBSLs from this location are similar to those from the Building 380A location. 
The lowest and highest RBSLs were derived for the volatilization to indoor and 
outdoor air pathways, respectively, and the RBSLs for each pathway were similar 
to those developed for Site 380A. 

At Site 529, however, the target risk level of a 1.0 hazard index was exceeded in 
many instances for both the direct contact and indoor air pathways, with the 
calculated hazard indices ranging up to 12.66. In cases where a hazard index of 
1.0 is exceeded, corrective actions would be warranted unless a Tier 2 evaluation 
using site-specific input parameters showed the observed contaminant levels to 
be protective of residents under the exposure pathways of concern. 

4.3.2.1   Soil Leaching to Groundwater Pathway 
Residential RBSLs for the leaching to groundwater pathway for Site 529 are 
presented in Table 4-4. The RBSLs range from approximately 7,500 to over 
25,000 mg TPH/kg soil, with an average value of almost 13,000 mg/kg. None of 
the hazard indices exceeds the target of 1.0 for this pathway. 

Table 4-4   Residential Exposure via the Soil Leaching to Groundwater 
Pathway - Site 529 

Sample ID Total TPH* (mg/kg)   | RBSL (mg/kg)       ! Hazard Index 
529SB-04-20 3,879 

1              7,284             1 

15,946             i 0.24 

529SB-04-60 

529SB-04-80 

529SB-04-95 

529SB-05-20 

529SB-05-25 

529SB-05-50 

11,320             ! 0.64 

5,175              i 10,727             ! 0.48 

6,618 20,711             i 0.32 

8,350 12,781             | 0.65 

!               7,464 11,967            1 0.62 

!             8,332             j 

1,377 

10,769             ! 0.77 

529SB-05-75 

529SB-05-77 

529SB-05-100 

8,512 0.16 

1,943              ! 
8,504"             j 

7,496 j 

18,915             ! 
0.26 

Average: ' 
Standard Deviation: 

12,914             ! 
4,315              j 

0.46 
0.21 

NOTES: 
* Total TPH = Sum of all fractions reported in Direct Method analysis, using lA detection limit for 

non-detect results. 
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Figure 4-5 shows the percent of total risk for this pathway attributable to each 
TPH fraction for one sample (529SB-04-20) from Site 529. The distributions 
from this sample were similar to those of other samples from this site, so it was 
chosen for illustration purposes. Similar to that of Site 380A, the majority (92%) 
of the risk for the leaching pathway is derived from the >EC8 to EC 16 aromatic 
fractions, although these fractions comprise approximately 13 percent of the total 
TPH measured. Unlike the risk distribution from Site 380A (Figure 4-2), 
however, the non-detect values for the lighter aromatics do not contribute in an 
appreciable way to the overall risk. This is most probably due to the combination 
of lower detection limits and higher total TPH concentrations; one-half the 
detection limit for each of these fractions is negligible (approximately 0.01%) 
compared to the total TPH concentration. The effects of detection limits for the 
benzene and toluene fractions will be discussed further in Section 4.3.4.2. 

4.3.2.2   Direct Contact Pathway 
Table 4-5 presents RBSLs for the direct contact residential exposure scenarios for 
Site 529. The RBSLs range from approximately 5,500 to 6,500 mg/kg, with an 
average of 6,100 mg/kg. The RBSLs for this pathway at this site are not as 
variable as those derived for other pathways or at Site 380A. The similar TPH 
fraction distributions from these samples most likely contribute to this 
consistency. 

For this pathway, six samples exceed the target risk level of a hazard index of 1.0. 
In these cases, some corrective action or a Tier 2 evaluation would be warranted. 
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Table 4-5   Residential Exposure via the Direct Contact Pathway 
529 

Site 

Sample ID i   Total TPH* (mg/kg) RBSL (mg/kg) Hazard Index 

529SB-04-20 1             3,879 5,910 0.66 

529SB-04-60 

529SB-04-80 

""  529SB-Ö4-95 

"" 529SB-05-20 

529SB-05-25 

529SB-05-50 

529SB-05-75 

" ~529SB-Ö5-77 

529SB-05-100 

I              7,284 

j              5,175 

t              6,618 

8,350 

1              7,464 

i              8,332 

j              1,377 

!              1,943 
~!              8,504 

5,718 1.27 

6,405 

6,501 

5,597 

5,844 

57976 

6,294 

6,205 

0.81 

1.02 

1.49 

1.28 

1.39 

0.22 

0.31 

6,564 1.30 

Average: 
Standard Deviation: 

6,101 
339 

0.97 
0.46 

NOTES: 
* Total TPH = Sum of all fractions reported in Direct Method analysis, using '/> detection limit for 

non-detect results. 

Figure 4-6 shows the risk attributable to each TPH fraction for the direct contact 
pathway. The distribution of risk is similar (although somewhat exaggerated) to 
the distribution of TPH for this pathway since there is no cross-media transport 
affecting exposure under this scenario. As was the case for Site 380A, the 
majority of the risk (98%) is associated with the heavier (EC> 10 aromatics and 
EC> 10-21 aliphatics) fractions. Moreover, 70 percent of the risk is derived from 
the aromatic fractions alone, which comprise only 30 percent of the total TPH. 
The proportionally higher risk distribution for these fractions (aromatics over 
aliphatics and heavier over lighter fractions) arises from their relatively higher 
toxicity (see Table 1-3). 

4.3.2.3  Volatilization Pathways 
RBSLs for the volatilization pathways are presented in Table 4-6. These values 
range from less than 700 mg/kg for indoor air to over 100 percent TPH for 
outdoor air. Each of these pathways produces a wide range of RBSLs, illustrating 
the sensitivity of these pathways to variations in TPH distribution. 

All hazard indices for indoor air exceed the target value of 1.0 for this site, while 
none exceed 1.0 for outdoor air at this site. The model for vapor transport is an 
extremely conservative one (described in more detail in Appendix B), so it is not 
surprising that this pathway would result in the highest hazard indices (and 
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lowest RBSLs). Due to the highly conservative nature of this model, a Tier 2 
evaluation would most likely be warranted in order to derive more realistic 
cleanup levels for residential exposures at the site.4 

Table 4-6   Residential Exposure via Volatilization to Indoor and Outdoor 
Air - Site 529 

e       ,   ,n            Total TPH*            ,R5SL 

Sample D       ]       .     ..   .              Indoor 
!       <m9/k9>       j      (mg/kg) 

Hazard 
Index 
Indoor 

RBSL           Hazard 
Outdoor         Index 
(mg/kg)        Outdoor 

529SB-04-20              3,879        '        855 4.54 >100%            NA 

529SB-04-60 7,284                  777 9.37 261,819    1     0.028 
i 

222,709    1     0.023 
i 

529SB-04-80 5,175                  811 6.38 

529SB-04-95 6,618                 1,400 4.73 >100% NA 

529SB-05-20 8,350                  928 9.00 434,688 0.019 

529SB-05-25               7,464        j         797 9.37 383,217          0.019 
j 

529SB-05-50              8,332        j         658 12.66 288,328          0.029 

529SB-05-75 1,377                  810 1.70 132,380          0.010 

529SB-05-77 1,943                  729 2.67 115,757          0.017 

529SB-05-100    |        8,504                 1,300 6.54 490,372    !     0.017 

Average: ;         907 
Standard Deviation: >         245 

6.70            432,927          0.017 
3.42            322,184    j     0.008 

NOTES: 
*     Total TPH = Sum of all fractions reported in Direct Method analysis, using Vi detection limit 

for non-detect results. 

Figure 4-7 illustrates each fraction's relative contribution to overall risk for the 
volatilization to indoor air pathway. The majority of the risk (78%) is derived 
from the EC> 8-12 aliphatic fractions, which comprise only 9 percent of the total 
TPH. These fractions combine relatively high toxicity and volatility, so that they 
tend to be more important contributors to the risk calculations for volatilization. 
The aromatic fractions with similar vapor pressure are relatively toxic, but are 
present in much lower concentrations than the aliphatic fractions. 

4     Alternatively, since a commercial exposure scenario is currently the more appropriate one, commercial 
RBSLs would be used to derive cleanup levels. 
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4.3.3    Commercial RBSLs 
RBSLs derived for commercial exposure scenarios are included in Appendix D and 
are summarized in Table 4-7. These scenarios are currently more appropriate for 
the El Toro facility, although residential exposures often drive cleanup because 
they produce lower RBSLs than commercial scenarios. 

As expected, commercial RBSLs are higher than residential RBSLs. In general, 
residential RBSLs are at least three times lower than the commercial RBSLs, due 
to the different assumptions of exposure frequency for each scenario (see 
assumptions and default input parameters included in Appendix B). However, 
the commercial RBSLs do follow the same trends as the residential RBSLs, with 
the highest and lowest RBSLs generated for the volatilization to outdoor and 
indoor air pathways, respectively. 

Under the commercial scenarios at Site 380A, the RBSLs developed range from 
1,486 mg/kg to greater than 100 percent TPH. In these scenarios, the lowest 
RBSLs were derived for the volatilization to indoor air pathway. The hazard 
indices ranged from 0.0003 to 0.22, much less than the target risk level of 1.0. 

RBSLs for the commercial exposure scenarios at Site 529 ranged from 
approximately 1,500 mg/kg to greater than 100 percent TPH for the indoor and 
outdoor air pathways, respectively. In the commercial scenarios, only the 
volatilization to indoor air pathway provided hazard indices appreciably greater 
than 1.0. One sample for the direct contact pathway barely exceeded the target 
risk level, with a hazard index of 1.01. 

Table 4-7   Average Commercial RBSL Values for Applicable Pathways 
at MCAS El Toro 

_.. Soil to Indoor     _.     . _    .    . Soil to Soi to Outdoor 
Site .. Direct Contact i     _ .     . .. 

Air Groundwater     i Air 

380A 4,300 10,200 | 46,100 j 616,900 
! (1,500-6.300) ;    (7.600-15,600) \ (15,400-72,500) j (271,500->100%) 

529 !   3,100       9,000 j    80,000 j    567,500 
| (2,000-5,700) (8,300-9,600) ! (29,000-202,900) I (172,500-> 100%) 

NOTE: 
Values are in mg/kg.  Ranges are in parentheses. 
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4.3.4    Effects of Detection Limits on RBSLs 
As discussed above, when evaluating each TPH fraction's respective contribution 
to overall risk, it was shown that non-detect results, when entered as one-half the 
detection limit for calculation purposes, sometimes accounted for a significant 
portion of the overall risk. For instance, although the EC5-7 aromatic fraction 
was non-detect in sample 380-SB02B-32, this fraction accounted for almost 20 
percent of the overall risk in deriving the RBSL for the leaching to groundwater 
pathway. This result is unexpected and is clearly an artifact of the use of one-half 
the detection limit for conservatism in calculations. This result also demonstrates 
the sensitivity of this pathway to the concentration of the lightest aromatics. 

Because non-detect results can greatly affect RBSL values, a qualitative sensitivity 
analysis was performed to gain some understanding of which fractions appear to 
have the greatest impact on RBSLs. This analysis can provide guidance in dealing 
with non-detect values in future analyses. This sensitivity analysis is by no means 
comprehensive. A more rigorous, statistical analysis of the effects of detection 
limits on RBSLs may be warranted in future demonstration projects. 

4.3.4.1   Risk Apportionment 
First, to better understand the relationship between each TPH fraction and risk 
for different pathways, RBSLs were calculated for a hypothetical sample 
containing equal concentrations of all TPH fractions. The portion of risk 
attributable to each fraction for the leaching, volatilization to indoor air, and 
direct contact pathways are illustrated in Figures 4-8 to 4-10, respectively. 

For the leaching to groundwater pathway (Figure 4-8), it is clear that the lighter 
aromatics can have the largest impact on the RBSL values. This result is not 
unexpected, because these fractions are by far the most soluble, and therefore 
partition more easily to groundwater. Moreover, they have higher toxicity values 
(Table 1-3) than the aliphatics of equivalent carbon numbers. Although the 
lighter aromatics have slightly lower toxicity (higher RfD values) than the heavier 
aromatics, the greater mobility (i.e., solubility) of the lighter aromatics causes 
these fractions to have a much greater impact on the RBSLs for the leaching 
pathway. 

Similar trends are shown for the volatilization to indoor air pathway (Figure 4-9). 
Because lighter compounds have higher vapor pressures (and equivalent carbon 
numbers are normalized to this property), they will partition more easily to the 
vapor phase. Thus, for this pathway, unlike the leaching pathway, the lighter 
aliphatics can have a significant impact on the RBSL.   However, if present in 
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equal concentrations, the light aromatics can still contribute more risk, overall, 
than the light aliphatics, as a result of their lower RfC values. 

Finally, risk derived for the direct contact pathway is not dependent upon 
partitioning. The relative risk for each fraction is therefore proportional to its 
relative toxicity. Thus, for this pathway, the fractions which contribute the most 
to the overall risk are those with the lowest RfD values (i.e., the middle to heavy 
aromatics and the middle range aliphatics; Table 1-3). 

Thus, the importance of precision in determining the concentration of a specific 
fraction depends on which pathways are driving cleanup at a particular site. This 
conclusion has implications for handling non-detect results. For conservatism, 
one-half the detection limit is generally used for these values. However, for 
particularly sensitive fractions, using one-half the detection limit when the 
detection limit is large compared to the total TPH concentration may artificially 
affect the calculated RBSL. To illustrate the effects of various fractions in more 
"real world" TPH distributions, rather than the artificial, uniform distribution 
examined above, two samples, one with a relatively high total TPH concentration 
(529SB-05-50 with 8,333 mg/kg TPH) and one with a relatively low total TPH 
concentration (380SB-02B-32 with 1,201 mg/kg), were chosen for further 
analysis. 

4.3.4.2   Effect of Light Aromatic Detection Limits 
Because the lighter aromatics appear to have the potential for such dramatic 
impacts on RBSLs for both volatilization and leaching pathways, and because 
these fractions are often not detected (either due to the nature of the petroleum 
mixture or because they are no longer present in weathered products), the effect 
of the detection limit for the two lightest aromatic fractions (EC5-7 and 
EC>7-8) was evaluated first. RBSLs for the leaching, volatilization to indoor air 
and direct contact pathways were calculated using detection limits ranging from 
0 to approximately 10 percent of the total TPH concentration for each of the two 
samples. The resulting RBSLs were plotted versus the detection limit (as a 
percentage of TPH concentration) and are shown in Figures 4-11 and 4-12. 
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Figure 4-11    RBSL vs. Detection Limit (Sample 380SB-02B-32) 
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Figure 4-12    RBSL vs. Detection Limit (Sample 529SB-05-50) 
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Each graph shows similar trends. RBSLs for the leaching and volatilization to 
indoor air pathways are impacted by changes in the aromatic detection limit, 
while the RBSL for the direct contact pathway remains largely unchanged with 
changes in the detection limit used. 

The RBSL for the leaching pathway is greatly impacted by the values used for 
these fractions. For the sample from Site 380A, the RBSL for this pathway ranges 
from over 30,000 to almost 1,000 mg/kg when values ranging from 0 to 10 
percent of the TPH concentration are used as the detection limits5 for the lightest 
aromatic fractions. Likewise, the RBSLs for the sample from Site 529 range from 
over 12,000 to almost 1,000 mg/kg over the same range of detection limits. 

RBSLs for the indoor air pathway were similarly impacted. With detection limits 
ranging from 0 to approximately 10 percent of the TPH concentrations, RBSLs 
for this pathway range from over 2,000 to less than 200 mg/kg for the sample 
from Site 380A, and from almost 700 to 150 mg/kg for the sample from Site 529. 

In situations where either of these pathways is driving cleanup, the effect on 
RBSLs of values used to represent non-detect aromatic data can significantly 
impact cleanup. For instance, order of magnitude differences in calculated RBSLs 
could greatly affect soil volumes targeted for excavation. It is therefore important 
to use values which are as accurate as possible. By using a lower detection limit, 
more precise values can be incorporated into the RBSL calculations. It is not 
clear at this time precisely how low a detection limit is needed to ensure accurate 
results. Certainly, light-end aromatic detection limits on the order of 1 percent 
of the total TPH concentration can produce artificially low RBSLs which may, in 
fact, be driven by non-detect values. Detection limits on the order of 0.1 percent 
of the total TPH concentration may be sufficient to avoid this problem. 
Alternatively, because the lightest two aromatic fractions correspond to benzene 
and toluene, respectively, GC/MS analysis (EPA Methods 8240 or 8260) could 
be used to specifically analyze for these compounds. 

4.3.4.3   Effect of Light Aliphatic Detection Limits 
Because lighter aliphatic compounds appear to contribute to the risk associated 
with volatilization pathways, a similar evaluation was performed by calculating 
RBSLs with a range of detection limits for the lightest two aliphatic fractions 
(EC5-6 and EC>6-8) for samples with non-detect results for these fractions. 
Figures 4-13 and 4-14 present the RBSLs as a function of aliphatic detection 
limits (as a percentage of TPH concentration). 

5     One-half the detection limit was used for the fraction concentrations in calculating RBSLs.  Thus, 
input concentrations ranged from 0 to approximately 5 percent of the TPH concentration. 
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Figure 4-13    RBSL vs. Detection Limit (Sample 380SB-02B-32) 
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Figure 4-14    RBSL vs. Detection Limit (Sample 529SB-05-50) 
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For these samples, using detection limits for the lightest aliphatic fractions that 
ranged from 0 to approximately 10 percent of TPH concentration had little 
impact on the calculated RBSLs. The RBSL for vapor transport showed some 
sensitivity to these fractions, but it was much more sensitive to the light aromatic 
fractions. Thus, in this case, non-detect results for these fractions will not greatly 
influence cleanup at these sites, regardless of which pathway drives cleanup. This 
analysis may not apply at all sites; rather, it may be a function of the composition 
of the material at these sites. For instance, at a site with significantly lower 
aromatic concentrations, the aliphatic detection limits may have a greater impact 
on RBSLs. 

4.4 Selection of Cleanup Levels 
In general, the lowest RBSLs are chosen as cleanup levels at a site. At these 
locations, the cleanup levels would therefore be 560 and 660 mgfcg at Sites 380A 
and 529, respectively. These cleanup levels are based on residential exposure via 
the volatilization to indoor air pathway. If commercial exposures only are 
considered, the cleanup levels would be 1,500 and 2,000 mg/kg at Sites 380A and 
529, respectively. 

4.4.1    Site 380A 
At Site 380A, the cleanup level based on residential exposure scenarios is derived 
from sample 380SB-02B-20, which contained only one fraction above detection 
limits. It could easily be argued that an RBSL based almost entirely on 
non-detect data is not representative for the site. Disregarding this sample, the 
cleanup level at Site 380A increases to 1,400 mg/kg. None of the samples 
submitted for fractionation analysis contains TPH above this level, but some of 
the samples analyzed by conventional methods contain TPH above this 
concentration. However, as noted in Section 3.4, a poor correlation was obtained 
between TPH results from the two methods. Therefore, comparing TPH results 
by Method 8015 to an RBSL obtained using TPH results by the Direct Method, 
in this instance, is not appropriate. 

The generally poor correlation between methods will pose a problem at any site 
where historical TPH data are compared to cleanup levels. If a statistically 
significant correlation between results from the two analytical methods could be 
demonstrated, cleanup levels based on conventional methods could be inferred. 
However, in the absence of such a correlation, it is unclear how conventional data 
should be used to set cleanup levels and to evaluate compliance with those 
criteria. 
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4.4.2    Site 529 
At Site 529, all of the samples submitted for fractionation analysis exceed the 
lowest calculated RBSL of 660 mg/kg (for volatilization to indoor air). In fact, 
most of the samples also exceeded the lowest commercial RBSL of 2,000 mg/kg. 
At this site, a Tier 2 analysis is most likely warranted to incorporate site-specific 
parameters and calculate a site-specific target level (SSTL) to be used as a cleanup 
level. In any event, the issue still remains as to how to evaluate TPH data 
obtained using conventional analytical methods. 

4.5 Comparison with California Regulations 
The California Regional Water Quality Control Board (RWQCB) for the Los 
Angeles Region has issued guidance on remediation of petroleum impacted sites 
(California EPA, 1996). Although the El Toro facility is located in the Santa Ana 
Region, the Los Angeles Region's guidance is discussed here for illustration 
purposes. This document presents screening levels (analogous to Tier 1 RBSL 
values). In addition, the State of California EPA Department of Toxic Substances 
Control (DTSC) provides guidance (California EPA, 1992) for performing risk 
assessments at hazardous waste sites and permitted facilities (analogous to a 
Tier 2 approach). This guidance is intended to supplement EPA's risk assessment 
guidance for Superfund sites. 

The TPH California RWQCB screening levels are actually a matrix of criteria for 
three distinct TPH fractions (C4-12, C13-22 and C23-32) and BTEX 
compounds, with different values based on the distance between contaminated 
soil and groundwater (Table 4-7). These screening levels are intended to be 
protective of groundwater and protective of human health via direct contact with 
soils. 

The inclusion of three separate TPH fractions indicates an awareness that 
different fractions behave differently in the environment and pose different risks. 
This relatively simple fractionation is consistent with the basis of the Working 
Group's methodology. However, one major difference between the Working 
Group protocol and the California RWQCB guidance is that California 
specifically defines EPA Methods 418.1 and 8015 (DHS Modified) as the 
appropriate analytical methods for measuring TPH. 
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Table 4-8  TPH Soil Screening  Levels (mg/kg)—California RWQCB 
Guidance 

Distance Above 
Groundwater 

TPH Carbon Range 

C4-12 C13-22 C23-32 

> 150 feet 1,000' 10,000 50,000 

20-150 feet 

<20 feet 

500 

100 

1,000 10,000 

100 1,000 

NOTES: 
1 TPH concentrations in mg/kg, based on EPA 418.1 or 8015 (DHS Modified). 
Source: California RWQCB-LA, 1996. 

It should also be noted that, in California, all groundwater is assumed to be a 
potential potable water supply, unless it is excluded under specific criteria as 
defined by State Water Resources Control Board Resolution 88-63 (e.g., total 
dissolved solids >3,000 mg/L, production <200 gal/day, or existing 
contamination that cannot be reasonably treated). Thus, these screening levels 
are protective of groundwater directly beneath any impacted soil as a potential 
source of drinking water. 

Based on these screening levels, cleanup levels at Site 380A would range from 
1,000 to 50,000 mg/kg for various TPH fractions (as measured using conventional 
methods). Although the purgeable and extractable TPH fractions measured using 
EPA Method 8015 are not exactly those fractions included in the screening table, 
they roughly correlate with the C4-C12 and C13-C22 fractions, respectively. 
Thus, based on the analytical results by EPA Method 8015 (Table 3-3), Site 
380A would require no soil remediation (assuming the soils from boring 380SB- 
02 are indicative of site soil quality). 

However, at Site 529, cleanup levels would be significantly lower (100 to 1,000 
mg/kg), due to the depth of contamination at that site. These cleanup levels are 
much lower than the concentrations observed at this site. Thus, further 
investigation or remedial action would be warranted. 

It should be noted that these screening levels are slightly different from those 
used to develop site-wide cleanup levels for MCAS El Toro, as outlined in the 
Preliminary Draft Work Plan (OHM, 1995). Cleanup levels of 10,000 mg TPH 
diesel/kg soil and 1,000 mg TPH gasoline/kg soil were derived using guidance 
provided in the Leaking Underground Fuel Tank Field Manual, issued by the State 
Water Resource Control Board in 1989.  This guidance uses a "scoring" table 
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(Table 4-8) to determine if a site has low, medium or high leaching potential and 
then defines cleanup levels based on this designation. 

Table 4-9   Leaching Potential Analysis for TPH and BTEX 

Site Feature 

Score 10 Score 9 Score 5 
Points If e Points If \ _ j    Points If 

Score     _     ..... Score     ->     .... i Score !   _     .... I  Condition Condition ; ; Condition 
i     is Met is Met is Met 

Minimum Depth to 
Groundwater from the Soil 
Sample (feet) 

10 >100 51-100 25-50 

Fractures in subsurface 10 None Unknown Present 

Average Annual Precipitation 
(inches) 

i 

;       <10 9            10-25 26-40 

Man-made conduits which i i 

increase vertical migration of 10 None Unknown Present 
leachate ! 

Unique site features: recharge 
area, coarse soil, nearby wells, 
etc. 

10 j       None 
| 
i 

At Least 
One 

More 
1  Than One 

Column Totals - Total Points 40 + 9                + 0 49 

Range of Total Points 49 points or more 41-48 points 

.3/.3/1/1            | 

1,000 

100 

40 points or less 

Maximum Allowable B/T/X/E 
Levels (ppm) 

1/50/50/50 NA 

Maximum Allowable TPH 
Levels (ppm) Diesel 

10,000 100 

Maximum Allowable TPH 
Levels (ppm) Gasoline 

1,000 10 

Source:  California State WRCB, 1989; OHM Work Plan, 1995. 

In developing site-wide cleanup levels, the site was previously given a score of 10 
for a depth to groundwater greater than 100 feet. Although this condition is met 
at many of the UST sites at MCAS El Toro (e.g., Site 380A), it is not true for Site 
529. In this instance, since the soil impacts extend to groundwater, this scoring 
table is not applicable. Even if it were assumed that the soil impacts are 5 feet 
above groundwater, a score of "0" would be given for this site feature, yielding a 
total score of 39. This score would change soil TPH cleanup levels from 10,000 
to 100 mg/kg for diesel and from 1,000 to 10 mg/kg for gasoline. 
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Moreover, at Site 529, BTEX compounds were detected by EPA Method 8020. 
California RWQCB (California EPA, 1996) also dictates specific screening levels 
for these compounds in soil, based on distance to groundwater as well as soil type. 
The screening levels are defined for distances of 150, 80 and 20 feet above 
groundwater. To obtain values for other distances, the guidance allows for 
interpolation between the given values. However, it is not explicitly stated how 
to deal with distances less than 20 feet, as would be encountered at Site 529. 
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5 Tier 2 Issues 

5.1 Calculation Procedures 
In general, a Tier 2 evaluation is warranted when a site fails the Tier 1 evaluation, 
and when calculation of Tier 2 values (site-specific target levels, or SSTLs) is cost- 
effective when compared to potential changes in remedial actions at the site. In 
a Tier 2 analysis, fate and transport models are used to incorporate site-specific 
parameters and to model transport of contaminants from the source area to 
alternate points of compliance, incorporating attenuation via dispersion and, 
sometimes, biodegradation. Tier 2 provides the framework for back-calculating 
maximum source area groundwater and soil concentrations based on applicable 
criteria at the exposure points, while incorporating attenuation effects of fate and 
transport mechanisms. When considering a mixture such as TPH, the 
calculations become more complex because each fraction has its own distinct fate 
and transport characteristics, thus, transport calculations may include changing 
TPH composition with distance from the source. 

5.2 Volatilization to Indoor Air Pathway 
The model used to derive indoor air RBSLs assumes a constant chemical 
concentration in subsurface soils, linear equilibrium partitioning in the soil 
between sorbed, dissolved, and vapor phases and steady-state vapor- and liquid- 
phase diffusion through the vadose zone and foundation cracks. In addition, the 
model assumes that vapors migrate completely and instantaneously into the 
building, i.e., no attenuation occurs between impacted subsurface soils and the 
structure foundation. It is important to stress that this is a very conservative 
assumption since considerable attenuation (including biodegradation and sorption 
onto clean soil particles) could occur as the vapor migrates through the vadose 
zone. 

Thus, because models evaluating this pathway are quite conservative in their 
assumptions, any site-specific information about the actual characteristics and 
behavior of subsurface vapor flow would be valuable in a Tier 2 evaluation. This 
evaluation would require an empirical determination of attenuation driving vapor 
transport in the subsurface. Target constituent (e.g., benzene, naphthalene) 
concentrations from vapor monitoring points at the depth of maximum impact 
and the base of the building foundation would be compared. The ratio between 
these values could then be used to determine an actual subsurface attenuation 
factor. This attenuation factor would be used to calculate acceptable soil 
concentrations for this pathway. 
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5.3 Direct Contact Pathway 
For the direct contact pathway, it is assumed that the possibility exists for direct 
exposure to any contaminated site soils. In a Tier 2 evaluation, actual exposure 
parameters are used to evaluate exposure. Parameters which may be altered 
include both frequency and duration of exposure as well as the likelihood of 
actual exposure. For instance, if the majority of a site is paved, it is unlikely that 
residents will actually be exposed to impacted soils. Moreover, if the shallowest 
impacted soils are, for instance, 10 feet bgs, it is also unlikely that any resident 
would ever be exposed to these soils. However, if construction were planned at 
the site, exposure scenarios involving construction workers, using anticipated 
exposure frequencies, would be evaluated. 

For instance, at the El Toro sites, soil data is all from depths of at least 20 feet 
bgs. If this pathway were driving cleanup, it could easily be argued that there is 
no likely residential exposure to these contaminated soils at all, thus eliminating 
this pathway as a potential concern at the site. However, it would be necessary 
to collect surface soil samples to obtain soil concentrations from locations more 
likely to be encountered by residents at the site. 

5.4 Leaching to Groundwater Pathway 
The leaching to groundwater pathway assumes direct contact between 
contaminated soils and groundwater. A Tier 2 analysis would incorporate 
transport of contaminants from impacted soil to groundwater, followed by 
transport of contaminants in groundwater to a specified receptor. This provides 
a much more realistic value for concentrations in soil which are still protective of 
groundwater. Although at the El Toro facility, observed concentrations did not 
exceed the calculated RBSLs for the leaching to groundwater pathway, this 
pathway is often important. 

The primary difference between a Tier 1 and a Tier 2 analysis for the leaching to 
groundwater pathway is the consideration of site-specific measurements of 
constituent attenuation and alternate points of compliance. In the Tier 1 
analysis, the point of compliance is the source location, and the RBSLs are 
therefore compared to the source constituent concentrations. In order to justify 
"no further action" based on Tier 1 results, the RBSLs must be satisfied at the 
source itself. In a Tier 2 analysis, consideration of alternate points of compliance 
is allowed based on the following factors: 

The location of current receptors 
The location of reasonable potential receptors 
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• The current and projected local and site land use 
• The estimated rate of contaminant transport 

Thus, for a Tier 2 analysis, attenuation between the source to an actual receptor 
(e.g., nearest water use well) is evaluated, using simple analytical fate and 
transport models, such as the Domenico solution (Domenico, 1987). This 
involves calculation of a whole TPH RBSL for groundwater and then an SSTL 
which incorporates attenuation to the receptor, as explained below. 

In order to calculate whole TPH RBSLs (C^H) for groundwater, the distribution 
of TPH fractions in groundwater must first be evaluated. Groundwater fraction 
distributions can either be measured directly (by collecting groundwater samples 
for analysis by the Direct Method), or calculated (by calculating the effective 
solubilities of each fraction, based on the fraction distribution observed in soil or 
product). Effective solubilities (S^) are calculated by multiplying the mole 
fraction (Xt) of a constituent by the solubility (S,) of the individual constituent, 
in accordance with Raoult's Law as shown below: 

(6) (SJ, = X, x S, 

To calculate whole TPH RBSLs (CrpH) in groundwater, additive risk must still be 
considered. Although a standard method for calculating this value has yet to be 
determined, this could be done in a manner analogous to that used for the direct 
contact pathway (see Section 4.2.1), since this pathway considers direct exposure 
to groundwater. The RBSL would therefore be the sum of the hazard quotients 
for each fraction (defined as the weight percentage of the fraction multiplied by 
the whole TPH RBSL, divided by the fraction RBSL). This sum would be equal 
to the hazard index for the mixture, which must be less than or equal to 1.0 to 
meet the target risk level.  In other words, the following equation is solved: 

(7) HI - '£ HQ, - £ ^ s 1 
1=1 1 = 1 ' 

This equation would be solved iteratively to find CjpH such that HI is equal to 1.0 
under the constraint of Equation 2 (Section 4.2.1.2). The whole TPH RBSL 
would then be compared to the actual groundwater concentration or the 
concentration derived using the effective solubility calculations discussed above. 
If the hazard index is greater than 1.0, attenuation of the groundwater plume to 
the actual receptor should be evaluated as allowed in a Tier 2 assessment. 

Tier 2 Issues 

A-84 



TPH Criteria Working Group Field Demonstration 

Neglecting biodegradation, and assuming dispersion as the only mechanism 
responsible for attenuation, all fractions would attenuate equally, given an infinite 
source and sufficient time to reach steady-state conditions (as is generally 
assumed in these calculations). Thus, fate and transport parameters for one 
fraction could be used, in conjunction with site-specific parameters (such as 
hydraulic conductivity) to calculate a conservative attenuation factor at the point 
of exposure. If this attenuation factor is equal to (or greater than) the calculated 
hazard index, then the groundwater plume will attenuate sufficiently to be 
protective of the downgradient receptor. In other words, the SSTL or 
concentration in groundwater allowable at the source, would equal the 
groundwater RBSL multiplied by the attenuation factor. Groundwater with TPH 
concentrations greater than the SSTL would require remedial action. 

As an example, assuming a calculated whole TPH RBSL of 2 mg/L and an actual 
groundwater concentration of 10 mg^L, the hazard index would equal 10 divided 
by 2, or HI = 5. If the attenuation factor at the point of exposure is 5, the SSTL 
(at the source area) is 10 mg/L and the groundwater concentration will decrease 
by a factor of 5, to 2 mg/L, which is an acceptable concentration at the point of 
exposure. However, if the attenuation factor were 4, the SSTL would be 8 mg/L 
and the plume would attenuate to 2.5 mg/L (10 H- 4), which is not an acceptable 
concentration at the point of exposure. In this case, remedial action would be 
required. 

5.5 El Toro Tier 2 Considerations 
A Tier 2 evaluation may be appropriate at the El Toro facility for Site 529, since 
all data from samples submitted for fractionation analysis exceeded the RBSL for 
residential exposure via the volatilization to indoor air pathway. In this case, soil 
vapor analyses would be performed in order to determine a site-specific vapor 
attenuation factor to be used in calculating an SSTL for the site. 
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6 Summary and Conclusions 

6.1  Summary of Results 
Using the Working Group methodology for calculation of Tier 1 RBSLs, 
appropriate alternative cleanup goals were developed for the MCAS El Toro 
facility. These values range from 557 m^kg for the indoor air pathway, to over 
18,000 mg/kg for the leaching to groundwater pathway and over 100 percent 
TPH for the outdoor air pathway, given a residential use scenario. These RBSLs 
represent alternative cleanup goals which result directly from a site-specific 
analysis of risk for the material present at the two MCAS El Toro facility sites 
included in this demonstration. 

At Site 380A, the TPH concentrations in all of the samples were below both the 
average and the lowest6 RBSL calculated for protection of indoor air. At Site 529, 
several samples exceeded the lowest and average RBSL values. In fact, the average 
value from all samples tested exceeded the average RBSL. 

In general, the lowest RBSLs developed were for the volatilization to indoor air 
pathway, followed by the direct contact, leaching to groundwater and 
volatilization to outdoor air pathways. Again, this is true for both the heating 
and diesel oil materials encountered at these locations. 

The RBSLs varied considerably between individual samples. This variability was 
most pronounced for the volatilization and leaching pathways, while the direct 
contact RBSLs exhibited very little variability. The variability in the RBSLs for 
cross-media transport was primarily due to variations in the proportions of TPH 
accounted for by the lightest aromatic and aliphatic fractions. 

The fraction of TPH responsible for the greatest portion of the risk depends on 
the partitioning involved in each pathway. For the direct contact pathway, no 
partitioning is involved, and the risk derived from a given TPH fraction is 
therefore a function of its relative abundance and its toxicity (RfD). For the 
leaching and volatilization pathways, however, solubility and volatility tend to 
dictate which fractions are most responsible for the associated risk. That is, the 
most soluble fractions account for most of the risk in the leaching pathway and 
the most volatile fractions account for most of the risk in the volatilization 
pathways. 

6     Lowest RBSL not including that derived from sample 380SB-02-20, which was comprised largely of 
non-detect data, and was therefore deemed inappropriate for use in deriving a cleanup level. 
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6.2 Recommendations for Standard Applications 

6.2.1 Comparison   of   Results   from   Conventional   and 
Fractionation Methods 

The analytical methods used to measure the fractions are critical to the Working 
Group protocol. This demonstration used the Direct Method developed by the 
Shell Development Company. The Direct Method yielded soil TPH 
concentrations that were on average 2 to 3 times lower than those derived from 
conventional TPH analyses (EPA Method 8015). Further, the results obtained 
for individual samples by the two methods were not closely correlated. Better 
correlations were achieved between results from the two methods in the Mukilteo 
demonstration project (RETEC, 1997). This result may reflect better laboratory 
quality, modifications to the 8015 method used, or the nature of the petroleum 
encountered at this site. 

If an acceptable correlation between results from conventional and fractionation 
methods can be shown (as was true at Mukilteo), RBSLs based on fractionation 
results can be "translated" into equivalent RBSLs based on conventional methods 
in order to evaluate the need for remedial action at a site with historical TPH 
data. If this correlation cannot be shown (as is the case at MCAS El Toro), it 
would be difficult to use RBSLs calculated using fractionation data to compare 
to existing conventional TPH data. In this case, confirmational samples could be 
collected to demonstrate compliance with cleanup criteria. These samples could 
be analyzed for TPH by a modified Direct Method which would yield only a 
whole TPH value, rather than values for each fraction. This modification would 
decrease the costs associated with use of the fractionation method. 

6.2.2 Importance of Values Used for Light Aromatic Fractions 
One significant finding from this demonstration was that RBSL calculations can 
be dramatically impacted by the values used for non-detect data, particularly for 
the lighter compounds. In many cases, RBSLs were governed by light aromatic 
fractions which were not present above the detection limit. Because one-half the 
detection limit is generally used as the concentration in the risk calculations for 
non-detect data, the importance of obtaining low detection limits (or accurate 
concentrations for very low constituent concentrations) was demonstrated. A 
qualitative sensitivity analysis was performed by varying the values used for 
non-detect data for lighter fractions, in order to better understand how detection 
limits can affect RBSLs for specific pathways. It was shown that the leaching and 
volatilization pathways could be significantly impacted by the values used for 
non-detect, light, aromatic fractions. 
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The Direct Method also yielded values for the lightest volatile aromatic fractions 
(benzene and toluene) that differed from those obtained from BTEX analyses 
(performed by EPA Method 8020). The reason for this discrepancy are not clear, 
but the demonstration project does suggest that a BTEX analysis (preferably by 
GC/MS, EPA Method 8240 or 8260) should be included in the analytical 
protocol, and these values should be used for the lightest volatile aromatic 
fractions in order to obtain the most accurate values for these fractions. This 
additional analysis will increase the costs for using the Working Group protocol, 
but the accuracy and lower detection limits appear warranted, and should 
generally yield less conservative cleanup criteria. 

6.2.3    Variability of RBSLs/Selection of Appropriate Cleanup 
Level 

It is noteworthy that the average RBSLs for each pathway are similar for both 
Building 380A and Building 529. This similarity is to be expected due to the 
relatively similar nature of the materials encountered at the two locations, despite 
the fact that one site had both heating oil and diesel, while the other had only 
diesel fuel. 

Although TPH fraction distributions appeared to be quite comparable for samples 
obtained from each site, the calculated RBSLs often varied significantly. This 
result demonstrates that slight variations in TPH composition can greatly affect 
risk calculations. The question then arises as to how to select a single, 
appropriate cleanup level for a site. Further, it is important to determine how 
many samples should be collected from a site to calculate the cleanup level. 

Results of this demonstration project suggest that high concentration (total TPH) 
samples should be collected for use in risk calculations. This approach ensures a 
more representative TPH characterization and may mitigate the impacts of 
non-detect data, as these values would represent a lower percentage of the total 
TPH in a highly contaminated sample. 

Further, given the range of RBSLs derived from similar samples, it seems 
appropriate to analyze at least three samples from each area suspected to be 
impacted by the same product source. Conservatively, the lowest RBSL 
calculated using the results from these samples may be used as the site cleanup 
level. Alternatively, it may be argued that the average RBSL should be used as 
the appropriate screening criteria. This issue will require further consideration 
before the Working Group protocol can be used widely. 
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The approach used to calculate leaching RBSLs is similar to those used to derive 
cleanup levels under California regulations for protection of groundwater. The 
average RBSL calculated for the leaching pathway was 12,000 mg'kg for 
Site 380A and 13,000 mg/kg for Site 529. These values are comparable to the 
California screening level of 10,000 mg/kg for diesel range TPH (C13-22), with 
a depth to groundwater greater than 150 feet. However, these values are over 100 
times the California screening level of 100 mg/kg given a depth to groundwater 
less than 20 feet. 

6.2.4    Tier 2 Calculations 
This project suggested that it may be difficult to perform Tier 2 assessments using 
the TPH fractionation approach for cross-media pathways because of the need to 
consider mixture effects, which complicate the Tier 2 fate and transport modeling. 
The behavior of mixtures of several interacting fractions is more difficult to model 
than the fate of specific indicator compounds. 

The Tier 2 evaluation of groundwater leaching is complicated by the interactions 
of TPH mixtures. Using an iterative solution to determine changes in TPH 
composition (due to various attenuation processes) with distance from the source 
area would be complicated and labor-intensive. A simplified method for 
developing Tier 2 SSTLs at an alternate point of compliance, assuming no 
biodegradation, was suggested in Section 5 of this report. Future demonstrations 
should consider these recommendations as well as potential methods for 
incorporating biodegradation into a Tier 2 assessment. 

The difficulty of using models for Tier 2 assessments is particularly important 
when assessing vapor movement through soil. The conservatism built into the 
models for the indoor air vapor pathway usually produces the lowest Tier 1 
RBSLs, unfortunately, it can be difficult to measure the needed site-specific 
parameters needed for the Tier 2 analysis. It is probably easier and more accurate 
to use site-specific vapor monitoring to evaluate the volatilization pathways, and 
derive a site-specific attenuation factor to be incorporated into a Tier 2 
assessment. Future demonstrations should try to obtain sufficient site-specific 
data to allow a meaningful Tier 2 analysis. The indoor air pathway in particular 
needs greater attention, because it yielded the lowest and most conservative Tier 
1 RBSL values. 

6.3 Conclusions 
The major strength of the Working Group's protocol is that it addresses the 
complex interactions of the hundreds of different hydrocarbon constituents 
present within TPH. Although California regulations implicitly acknowledge the 

Summary and Conclusions 

A-89 



TPH Criteria Working Croup Field Demonstration 

different risks associated with different TPH fractions by establishing separate 
screening levels for three fractions, all states do not incorporate this consideration 
into their cleanup levels. This field demonstration project demonstrates that the 
Working Group protocol is a scientifically defensible approach for establishing 
risk-based TPH criteria which account for the complex nature of TPH. 

Although implementation of the Working Group methodology will initially 
increase the investigation costs by requiring additional, more costly analyses, 
actual remediation costs may be reduced, since risk-based cleanup levels are often 
higher than non-risk-based cleanup levels established in many states. Further, a 
much better understanding of the site's potential impacts to human health and 
the environment can be identified through implementation of this protocol. 
Finally, the method for calculating Tier 1 RBSLs is easily implemented within the 
RBCA framework and is generally consistent with state and EPA protocols. 
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ErarZ2MÄ22 
Geotechnical and Environmental Sciences Consultants 

November 11, 1997 
Project No. 201181-01 

Mr. Bill Sedlak 
OHM Remediation Services Corporation 
2031 Main Street 
Irvine, California 92614 

Subject: Geotechnical Analytical Services 
TPHCWG Project at UST 380 and 529 
Marine Corps Air Station, El Toro, California 
Contract No. N68711-93-D-1459; OHM Project No. 18292 

Reference: Ninyo & Moore, 1997, Fee Proposal for Geotechnical Analytical Services, 
TPHCWG Project at UST 380 and 529, Marine Corps Air Station, El Toro, Cali- 
fornia, Contract No. N68711-93-D-1459; OHM Project No. 18292, dated August 
25. 

Dear Mr. Sedlak: 

In accordance with our proposal dated August 25, 1997, we provided geotechnical laboratory 
testing of soil samples provided by you. Based on test data you provided, we understand the soil 
was contaminated with petroleum hydrocarbons, and therefore used appropriate health and safety 
procedures. The results of our laboratory testing are provided in Appendix A, and the Chain-of- 
Custody Records are provided in Appendix B. 

We appreciate the opportunity to be of service on this project. If you have any questions, please 
contact the undersigned. 

Sincerely, 
NINYO & MOORE 

ß/Ath^nn W- 
Deron J. van Hofff P.E. Jalal Vakili, Ph.D., P.E. 
Project Engineer Principal Engineer 

DV/CAP/JV/tw 

Distribution:    (2) Addressee 
(1) Operational Technologies, Inc., Ms. Elaine Merrill 
(1) RETEC, Ms. Jill Nordstrom 

Attachments:   Appendix A - Laboratory Testing 
Appendix B - Chain-of-Custody Records 

10225 Barnes Canyon Road   ■    Suite A-II2   ■    San Diego. California 92121    •    Phone |619) 457-0400   ■    Fax (6 19J 558-1236 

9272 Jeronimo Road   ■    Suite I23A   ■    Irvine. California 92618   •    Phone (7 14J 472-5444   ■    Fax (714) 472-5445 

700 South Flower Street   ■    Suite 1100   ■    Los Angeles, California 9001 7   ■    Phone (2 13) 488-5 I I I    •    Fax (213) 892-2206 

14 175 Telephone Avenue   ■    Suite Q   ■    Chmo. California 91 7 10   ■    Phone (909J 465-5 125   •    Fax (909) 465-5 126 



OHM Remediation Services Corporation November 11, 1997 
TPHCWG Project at UST 380 and 529 Project No. 201181-01 

APPENDIX A 

LABORATORY TESTING 

In-PIace Moisture and Density Tests 
The moisture content and dry density of relatively undisturbed samples were evaluated in general 
accordance with ASTM D 2937-94. 

Gradation Analysis 
Gradation analysis tests, including hydrometer analyses of soil passing the No. 200 sieve, were 
performed on soil samples in general accordance with ASTM D 422-63. 

Hydraulic Conductivity Tests 
Falling head hydraulic conductivity tests were performed on selected remolded soil samples in 
general accordance with ASTM D 5084-90. The samples were remolded to the dry density and 
moisture content requested by OHM Remediation Services Corporation personnel. The samples 
were placed in the permeameter cell and saturated. Water flow through the soil was sustained us- 
ing a pneumatically induced head. The quantity of flow, the elapsed time, and the hydraulic 
gradient were recorded. The permeability was then calculated using Darcy's equation. 

Soil pH Tests 
Soil pH tests were performed on representative samples in general accordance with California 
Test (CT) Method 643. 

Specific Gravity Tests 
Specific gravity tests of selected soil samples were performed in general accordance with ASTM 
C 128-93. 

Total Porosity 
Total porosity of relatively undisturbed samples was calculated using the results of laboratory 
tests of in-situ moisture and density, and specific gravity. 

Total Organic Carbon 
Tests to evaluate the total organic carbon content in selected soil samples were performed in gen- 
eral accordance with Environmental Protection Agency (EPA) Method 9060. 
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LABORATORY TEST RESULTS 

PROJECT NAME: OHM/UST380&529 
PROJECT NO: 201181-01 

SAMPLE DEPTH (FT.) POROSITY (%) 

529-GT-010 39.5-40.0 38.8 
529-GT-010 40.0-40.5 33.9 
529-GT-010 44.5-45.0 35.8 

529-GT-013 64.5-65.0 41.3 
529-GT-013 65.0-65.5 36.3 
529-GT-013 69.5-70.0 29.6 
529-GT-013 70.0-70.5 26.9 

380-GT-005 29.5-30.0 36.5 
380-GT-005 30.0-30.5 44.4 
380-GT-005 34.0-34.5 35.5 
380-GT-005 34.5-35.0 38.5 

380-GT-006 39.5-40.0 36.4 
380-GT-006 40.0-40.5 37.8 
380-GT-006 44.5-45.0 32.3 
380-GT-006 45.0-45.5 42.6 
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SMITH-EMERY GEOSERVICES 
A MEMBER OF THE SMITH-EMERY COMPANIES. ESTABLISHED 1904 

79 1 EAST WASHINGTON BOULEVARD 
LOS ANGELES. CALIFORNIA 90021 
PHONE 213/745-5333 
FAX 213/746-0744 

November 4, 1997 SEGFileNo.: 90827 
SEG Report No.: G-97-5999 

Ninyo & Moore 
9272 Jeronimo Road, Suite 123A 
Irvine, California 92618 

Attention: Messrs. Lawrence Jansen/Deron Van Hoff 

RE: Laboratory Soil Testing 
MCAS EL TORO/TPHCWE PROJECT 
atUST380& 529 
Project No. 201181-01 

Gentlemen: 

Smith Emery GeoServices has completed soil sample for laboratory testing delivered in our Los 
Angeles facility on October 6,1 997 with the following results. 

REPORT OF TEST 

1. Sample I.D. - Jar 

i80-GT-001 
Depth, Feet 

10 
pH (Units) 

7.6 
T.O.C, nig/kg 

1600 

2. Sample I.D. - Driven 

il;©eptii|ii:]l. 
:y:;:i:Feet:;;;:;i:;; 

Moisture 
iiiGöi^enSil! 

Dry Density, pcf llBÖll! 
(Units) 

G, l:;T-0.c.;;;':: 
IfMg/kg^: 

380-GT-005 29.5-30.0 7.4 103 7.8 2.60 2200 

380-GT-005 30.0-30.5 2.3 92 7.8 2.65 2600 

380-GT-005 34.0-34.5 4.1 107 7.9 2.66 <100 

380-GT-005 34.5-35.0 10.9 101 7.8 2.63 200 

SAN FRANCISCO ANAHEIM 

HUNTERS POINT SHIPYARD. BUILDING 114 
P.O. BOX 880550 
SAN FRANCISCO. CALIFORNIA 94188-0550 
PHONE 415/330-3000 
FAX 415/330-3030 
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3. Sample I.D. - Driven 

iliiöept!»»:!:;:!1 

^;n;::::Feet:!!l;::i/ 
Moisture 

Content % 
Dry Density, pcf -/pH;:! 

(Units) 

:5;!-SS T.O.C 
i;:.mp£:; 

380-GT-006 39.5-40.0 6.0 106 8.0 2.67 1600 

380-GT-006 40.0-40.5 6.5 104 7.9 2.68 1800 

380-GT-006 44.5-45.0 2.8 112 7.9 2.65 860 
380-GT-006 45.0-45.5 6.0 96 9.2 2.68 510 

4. Sample T.D. - Driven 

Depth, Feet pH (Units) iiisiIiI^O:e:mR/Rg;ij:iis:. 
529-GT-007 5-5.5 7.7 2400 

5. Sample I.D. - Driven 

Depth, 
Ü;:;;:H!;Fett:::;:'i'i:H: 

Moisture 
Content % 

; Dry Density^ pcf SIBIL! 

529-GT-010 39.5-40.0 24.0 100 2.62 

529-GT-010 40.0-40.5 22.4 108 2.62 

529-GT-010 44.5-45.0 13.8 107 2.67 

6. Sample I.D. - Driven 

Depth, Feet iripifil^ünitsyn!::!!!!!!!- 
529-GT-012 15.0-15.5 7.6 
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7. Sample I.D. - Driven 

DepthjFeet: Moisture 
Content % 

: Dry; DeiiSiry> pcf Gs 

529-GT-013 64.5 - 65.0 24.6 97 2.65 
529-GT-013 65.0-65.5 19.2 105 2.64 
529-GT-013 69.5-70.0 11.3 116 2.64 
529-GT-013 70.0 - 70.5 7.6 119 2.61 

8. Sample I.D. - Driven 

Depth, 
Feet 

;   Moisture: : 

IP^Gontent^ill 
Dry Density, pcf 

529-GT-014 54.5 - 55.0 10.3 116 
529-GT-014 55.0-55.5 14.9 122 
529-GT-014 59.5 - 60.0 13.5 111 
529-GT-014 60.0 - 60.5 13.2 118 

9. Sample I.D. - Driven 

Depth, 
Feet 

■•;  PH T.O.C mg/kg 

529-GT-015 90.0 - 90.5 6.7 6600 
529-GT-015 90.5-91.0 8.0 7400 
529-GT-015 94.5-95.0 8.2 7000 
529-GT-015 95.0-95.5 8.2 9900 
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Should you have any questions, please call. 

Respectfully submitted, 

SMITH-EMERY GEOSERVICES 

RAF HUTALLA 
Geotechnical Manager 

RH/rc 
cc: 2-Addressee 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 
c     c   c 

100 

90 

80 

70 

to ci     cv 

o    o 
o TO 

60 

GC 
UJ 
Z 
M 
ÜL 

h- 
Z   50 
LU 
U 
cc 
ID  40 
a 

30 

20 

10 

0 
200    100 10.0 1.0 0.1 

GRAIN   SIZE   -   mm 
0.01 0.001 

Test %   +3' %   GRAVEL %   SAND %   SILT %   CLAY 
0.0 2.3 59.4 12.2 26. 1 

LL PI D 85 D 60 D 50 D 30 '15 '10 
0.92 0.28 0. 18 0.015 

MATERIAL DESCRIPTION uses AASHT0 

• Brown CLAYEY SAND SC 

Job No.: 90827 
Job Name: NINYO S MOORE  -  0HM/UST 380 S 529 
• Sample Location: 380-GT-SP01 

Date:  10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-13-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. l . 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 

cc 
LU 

100 

90 

80 

70 

60 

.rt        ^    n       .rt    T       cy    03 
I ^      V.   v. 

en     CM   -*     ~   to     ~   en 

o    o 
o o TO 

2 50 
ÜJ 
CJ 
cc 
lu 40 
a 

30 

20 

10 

0 
200    100 10.0 1.0 0.1 

GRAIN   SIZE   -   mm 
0.01 0.001 

Test %   +3" %   GRAVEL %   SAND %   SILT %   CLAY 
0.0 21. 1 67.3 4.2 7.4 

LL PI J85 J60 D 50 '30 45 D 10 
11.48 0.68 0.45 0.211 0.0933 0.0661 0.99 10.4 

MATERIAL DESCRIPTION uses AASHT0 

• Brown SAND with SILTY CLAY and GRAVEL SP-SC 

Job No.: 90827 

Job Name: NINYO S MOORE  - • OHM/UST 380 S 529 
• Sample Location: 380-GT-SP02 

Date: 10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-13-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 2 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 
L:     C   C 

100 

90 

80 

o    o 
o        o ^r     o 

ru T        to «    cu 

70 
GC 
ÜJ 

60 

2 50 
LU 
CJ 
cc 
LU  40 
GL 

30 

20 

10 

IO m (M 

200    100 10.0 1.0 0.1 
GRAIN   SIZE   -   mm 

0.01 0.001 

Test %   +3" %   GRAVEL %   SAND %   SILT %   CLAY 
0.0 7.2 56. 1 15.6 21 . 1 

LL PI J85 D 60 D 50 D 30 '15 '10 
1. 12 0.25 0. 16 0.066 

MATERIAL DESCRIPTION uses AASHT0 

• Brown CLAYEY SAND SC 

Job No.: 90827 
Job Name: NINY0 S MOORE  -  0HM/UST 380 S 529 
• Sample Location: 529-GT-SP01 

Date:  10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-13-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 3 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 
c c   c 

100 
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lO 
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en 
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M 
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—i 
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to •»   en * 
o                o 
"                      CXI 

o o 
to 

o o o 
tu 
«1 

go 

80 

70 
(X 
UJ 

M 60 

2 50 
UJ 
u 
(X 
UJ  40 
QL 

30 
-   ! 

20 

10 

0 
200 100 10.0- 1.0 0.1 

GRAIN SIZE - mm 
0.01 0.001 

Test %   +3' % GRAVEL % SAND % SILT % CLAY 
0.0 21.4 54.3 5.6 18.7 

LL PI J85 JB0 D 50 D 30 '15 '10 
7. 16 1.50 0.68 0. 168 

MATERIAL DESCRIPTION uses AASHT0 

• Gray CLAYEY SAND with GRAVEL SC 

Job No.: 90827 

Job Name: NINY0 £ MOORE  -  OHM/UST 380 S 529 
• Sample Location: 529-GT-SP04 (gray) 

Date: 10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-15-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 4 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 
c      c   c 
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ID 
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90 
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70 
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2 60 

2 50 

o 
tr 
UJ 40 
Q. 

30 

20 

10 

0 
200    100 10.0 1.0 0.1 

GRAIN   SIZE   -   mm 
0.01 0.001 

Test %   +3' %   GRAVEL %   SAND %   SILT %   CLAY 

0.0 0.5 46.7 21 .8 31.0 

LL PI J85 JB0 D 50 D 30 45 '10 
0.37 0. 13 0.06 0.005 

MATERIAL DESCRIPTION uses AASHT0 

• Brown SANDY SILTY CLAY CL - ML 

Job No.: 90827 
Job Name: NINY0 S M00RE  -  0HM/UST 380 S 529 

• Sample Location: 529-GT-SP03 

Date:  10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-13-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 5 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 

100 

90 

80 

c c c •   cv       •  -~ -. — 
c   ^     c 
«     «        .n    V IM O 

o    o 
O T       O 

(X 
LU 
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70 

60 

2 50 
u 
(X 
UJ 40 
a 

30 

20 

10 

Wjjilll 111:1 ||||[| 11111" 

0 
200    100 10.0 1.0 

GRAIN   SIZE 
0. 1 0.01 0.00 

Test %   +3" %   GRAVEL %   SAND %   SILT %   CLAY 

11 0.0 9. 1 72.0 7.4 11.5 

LL PI D 85 JB0 D 50 '30 D 15 '10 
1.45 0.41 0.28 0. 130 0.0700 0.0032 12.88 125.9 

MATERIAL DESCRIPTION uses AASHT0 

• Brown SILTY CLAYEY SAND SC 

Job No.: 90827 

Job Name: NINY0 S MOORE  -  0HM/UST 380 S 529 

• Sample Location: 529-GT-SP04 (brown) 

Date: 10-16-97 

Smith-Emery  Company 

Tested by: ATF 

Date: 10-15-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 6 
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GRAIN   SIZE   DISTRIBUTION   TEST   REPORT 
c c   c   . 

100 
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ID 
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0 
200 100 10.0 1.0 0.1 

GRAIN SIZE - mm 
0.01 0.00: 

Test % +3" % GRAVEL % SAND % SILT %   CLAY 
12 0.0 2.3 48.2 13.2 36.3 

LL PI D 85 D B0 D 50 D 30 '15 '10 
0.51 0. 13 0.08 0.002 

MATERIAL DESCRIPTION 

• Brown SANDY SILTY CLAY 

uses 
CL - ML 

AASHT0 

Job No.: 90827 
Job Name: NINY0 S MOORE  -  0HM/UST 3B0 S 529 

• Sample Location: 529-GT-SP05 

Date: 10-16-97 

Smith-Emery   Company 

Tested by: ATF 

Date: 10-13-97 

Sampled by: CLIENT 

Date: 

Remarks: 

Plate No. 7 
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OHM Remediation Services Corporation November 11, 1997 
TPHCWG Project at UST 380 and 529 Project No. 201181-01 

APPENDIX B 

CHAIN-OF-CUSTODY RECORDS 
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Appendix B-2 

Analytical Data 
Lancaster Laboratories 

(Direct Method) 
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♦ Lancaster Laboratories 
A division of Thermo Analytical Inc. 

Where quality is a science. 

October 28, 1997 

Ms. Elaine Merrill 
Operational Technologies Corp. 
1010 Woodman Drive Suite 160 
Dayton, OH 45432 

Dear Ms. Merrill: 

Enclosed with this letter is a diskette which contains the hydrocarbon speciation data 
for the El Toro site. The data is presented in Excel 5.0 spreadsheets, one 
spreadsheet for each sample that was chosen for analysis. There are two "sheets" 
in each spreadsheet; one named RAWDATA that contains the raw sample data, the 
other named PRINT which has the data we list in the hard copy report. Each 
spreadsheet is identified by the Lancaster Laboratories sample number. In these 
spreadsheets are the identification codes that you provided. 

I've also included a spreadsheet named ELTORO which cross references all the 
sample identification information: the OPTECH sample identification, the site 
number, and the date and time of collection along with the Lancaster Laboratories 
sample numbers. 

A hard copy report of the data along with the chains of custody will be sent to Erik 
Vermulen through the mail. This hard copy is our official report. If you have 
questions about the data, give me a call at 717-656-2300, Ext. 1559. A copy of this 
diskette is also being sent to Jill Nordstrom of Remediation Technologies Inc. in 
Seattle. 

Sincerely, 

Richard Entz 
Principal Specialist 

RE/hzk 
Enclosures 

cc: Jill Nordstrom 

Lancaster Laboratories Shipping Address: B—36 
2425 New Holland Pike Lancaster Laboratories MIMBER 

PO Box 12425 2425 New Holland Pike Environmental-Foods-Pharmaceuticals    EMH1 
Lancaster, PA 17605-2425 Lancaster, PA 17601 
717-656-2300 Fax: 717-656-2681 717-656-2300 Fax: 717-656-2681 A subsidiary of Thermo TerraTech Inc., a Thermo Electron company 
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Appendix B-3 

Analytical Data 
EMAX Laboratories 

(Conventional Method) 
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HMAX 
LABORATORIES,   INC. 

630 Maple Ave. 
Torrance, CA 90503 

Telephone: (310) 618-8889 
Fax: (310)618-0818 

Date:  09-22-1997 
EMAX Batch No.:  971010 

Attn:  Ms. Mary Schneider 

OHM Remediation Services 
2031 Main Street 
Irvine CA 92614-6509 

ll'W 

[3 ^ [75 n ■'. 
-3 v^7!-'. u v.:. 

2 3 1997 il 
:ii II 
\\\JJ 

C    OP    Y 

Subject:  Laboratory Report 
Project:  18292/E1 Toro/D.O. 50 

Enclosed is the Laboratory report for samples received on 
09/04/97.  The data reported include : 

Sample ID 

18292-601 

18292-602 

18292-603 

18292-604 

18292-605 

18292-606 

Control #  Col Date Matrix Analysis 

1010-01 

1010-02 

1010-03 

1010-04 

1010-05 

1010-06 

09/03/97 Soil 

09/03/97 Soil 

09/03/97 Soil 

09/03/97 Soil 

09/03/97 Soil 

09/03/97 Soil 

EPA 5030/M8015 
EPA 8020 
M8015 (Fingerprint) 
EPA 503 0/MS015 
EPA 8020 
M8015 (Fingerprint) 
EPA 5030/M8015 
EPA 802 0 
M8015 (Fingerprint) 
EPA 5030/M8015 
EPA 8020 
M8015 (Fingerprint) 
SPLP 8015 
EPA 5030/M8015 
EPA 8020 
M8015 (Fingerprint) 
SPLP 8015 
EPA 5030/M8015 
EPA 8020 

B-55 1 nnn 



Sample ID 

18292-607 

18292-614 

Control # Col Date Matrix Analysis 

1010-07    09/03/97  Water 

1010-08 09/03/97  Soil 

M8015 (Fingerprint) 
EPA 5030/M8015 
M8015 (Fingerprint) 
EPA 8020 
EPA 5030/M8015 
EPA 802 0 
M8015 (Fingerprint) 
SPLP 8015 

The results are summarized on the following pages. 

Please feel free to call if you have any questions concerning 
these results. 

Sincerely yours, 

Kam Y. Pang, Ph.D. 
Laboratory Director 

EM AX 
B-56 

LABORATORIES,  INC.,    630 Maple Av«..   Torrance.   CA 90503    TEL: (31 0) 61 8-8889   FAX: (31 0) 618-081 8 
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EPA 5030/M8015 
TOTAL PETROLEUM HYDROCARBONS BY PURGE & TRAP 

liIENT: OHM Remediation Services DATE COLLECTED: 09/03/97 
ROJECT: 18292/E1 Toro/D.O. 50 DATE RECEIVED: 09/04/97 
\TCH NO.: 971010 DATE EXTRACTED: 09/05/97 
\TRIX: SOIL DATE ANALYZED: 09/05/97 

RESULT % RECOVERY   DL  I VIOIST PRL 
AMPLE ID CONTROL NO (mg/kg) 

ND 

SURR 

86 

FACTOR 

1 

(%) 

7.7 

(mg/kg) 

3292-601 1010-01 10.83 
3292-602 1010-02 ND 82 1 4.3 10.45 
3292-603 1010-03 ND 75 1 3.7 10.38 
3292-604 1010-04 ND 86 1 9.3 11.03 
3292-605 1010-05 ND 72 1 3.1 10.32 
3292-606 1010-06 ND 94 1 6.4 10.68 
3292-614 1010-08 620 + , 257* 1 12.0 11.36 
3LK1S VAI0435B ND 85 1 NA 10 

C LIMIT: 60-140 
URR : Bromofluorobenzene 
RL  : Pro ject Reporting Limit 

Not gasoline pattern, chromatogram indicated heavy hydrocarbon. 
Out of QC limit due to matrix interferences. 

B-59 
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EPA 5030/M8015 
TOTAL PETROLEUM HYDROCARBONS BY PURGE & TRAP 

LIENT: OHM Remediation Services 
ROJECT: 18292/El Toro/D.O. 50 
ATCH NO.: 971010 
ATRIX: WATER 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 

AMPLE ID 

8292-607 
BLK1W 

CONTROL NO 

1010-07 
VAI0435B 

RESULT 
(mg/L) 

ND 
ND 

RECOVERY 
SURR 

85 
85 

DILUTION 
FACTOR 

1 
1 

PRL 
(mg/L) 

.1 

.1 

iC LIMIT: 
URR : Bromofluorobenzene 
•RL  : Project Reporting Limit 

65-135 

40f)ß 
B-60 
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EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE; 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-601 
1010-01 
7.7 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

i  RECOVERY 

113 

PRL 
(ug/kg) 

5.42 
5.42 
5.42 
16.3 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-61 404. 2 

LABORATORIES, INC..    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) <S1 8-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO. : 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-602 
1010-02 
4.3 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

r RECOVERY 

104 

PRL 
(ug/kg) 

5.22 
5.22 
5.22 
15.7 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-62 
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EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO. : 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-604 
1010-04 
9.3 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

f RECOVERY 

107 

PRL 
(ug/kg) 

5.51 
5.51 
5.51 
16.5 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-63 
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EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-603 
1010-03 
3.7 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

r RECOVERY 

94 

PRL 
(ug/kg) 

5.19 
5.19 
5.19 
15.6 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

PMAX B"64 4044 
*'"rVA     LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) 6,8-8889   FAX: (310) 618-08,8 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-614 
1010-08 
12.0 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
20 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

1-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

300 
1600 
4900 

117.00 

r RECOVERY 

159* 

PRL 
(ug/kg) 

114 
114 
114 
340 

QC LIMIT 

50-150 

PRL 
* 

Project Reporting Limit 
Out of QC limit due to matrix interferences. 

Positive results were confirmed by a secondary GC column. 

EMAX 
B-65 

LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (31 0) 61 8-8889   FAX: (31 0) 618-081 8 

4048 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
MBLK1S 
VAI0435B 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

NA 
NA 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

t RECOVERY 

112 

PRL 
(ug/kg) 

5 
5 
5 

15 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

B-66 

EMAX 
4049 

LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO. : 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-607 
1010-07 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
WATER 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/L) 

ND 
ND 
ND 
ND 

f RECOVERY 

111 

PRL 
(ug/L) 

.3 

.3 

.3 
1 

QC LIMIT 

60-140 

PRL:  Project Reporting Limit 

EM AX 
B-67 4050 

LABORATORIES,  INC.,    630 Maple Ave.,   Torrance.   CA 90503    TEL: (310) 61 8-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
MBLK1W 
VAI0435B 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

NA 
NA 
09/05/97 
09/05/97 
WATER 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/L) 

ND 
ND 
ND 
ND 

> RECOVERY 

112 

PRL 
(ug/L) 

.3 

.3 

.3 
1 

QC LIMIT 

60-140 

PRL:  Project Reporting Limit 

B-68 
4051 

IMAX LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (31 0) 61 8-8889   FAX: (31 0) «1 8-0818 



EPA METHOD SPLP/M8015 
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION 

LIENT: OHM Remediation Services 
ROJECT: 18292/E1 Toro/D.O. 50 
ATCH NO.: 971010 
ATRIX: WATER 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

09/03/97 
09/04/97 
09/08/97 
09/08/97 

AMPLE ID 

8292-604 
3LK1W 
BLK1S 

CONTROL NO 

1010-04 
DSI008WB 
TXI006SB 

RESULT 
(mg/L) 

19 
ND 
ND 

H-C 
RANGE 

C12-C30 
N.A. 
N.A. 

% RECOVERY 
SURR1   SURR2 

DO 
93 
93 

DO 
86 
84 

DL 
FACTOR 

5 
1 
1 

PRL 
(mg/L) 

.5 

.1 

.1 

2  LIMIT 
URR1 
ÜRR2 
RL 

Bromobenzene 
Hexacosane 
Project Reporting Limit 

65-135 60-140 

ote    : SPLP blank TXI006SB was extracted on 09/05/97 
D      : Diluted out 
?LP EXTRACTION DATE :  09/05/97 

EMAX 
B-69 5038 

LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) (618-8889   FAX: (31 0) <51 8-081 8 



EMAX QUALITY CONTROL DATA 
MS/HSD ANALYSIS 

CLIENT: OHM Remediation Services 
PROJECT: 18292/El Toro/D.O. 50 
METHOO: EPA M8015G 
MATRIX: SOIL 
X MOISTURE: 4.3 

BATCH NO.: 
SAMPLE ID: 
CONTROL NO. 

971010 
18292-602 
1010-02 

DATE RECEIVED: 09/04/97 
DATE EXTRACTED: 09/05/97 
DATE ANALYZED:  09/05/97 

ACCESSION: 

PARAMETER 

Gasoline 

SMPL RSLT 
(mg/kg) 

SPIKE AMT 
(rag/kg) 

MS RSLT 
(mg/kg) 

MS 
X REC 

SPIKE AMT 
(mg/kg) 

MSD RSLT 
(mg/kg) 

MSD 
X REC 

RPD 
X 

QC LIMIT 
X 

RPD LIMIT 
X 

ND 5.75 5.21 91 5.75 5.24 91 60-140 40 

SURROGATE PARAMETER 
SPIKE AMT 
(mg/kg) 

.261 

MS RSLT 
(mg/kg) 

.209 

MS 
X REC 

80 

SPIKE AMT 
(mg/kg) 

.261 

MSD RSLT 
(mg/kg) 

.24 

MSD 
X REC 

92 

QC LIMIT 
X 

BromofIuorobenzene 60-140 

4008 
EMAX 

B-70 
LABORATORIES,  INC.,    630 Mapla Ave.,   Torronce.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-081 8 



1IENT: 
ROJECT: 

IETHOO: 

IATRIX: 
'. MOISTURE: 

■ATCH NO.: 

AMPLE ID: 

-UNTROL NO. 

XCESSION: 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

OHM Remediation Services 
18292/El Toro/D.O. 50 
EPA SPLP/M8015 
WATER 
NA 

971010 
LCS1U/LCD1W 
DSI008UL/C 

DATE RECEIVED:  NA 
DATE EXTRACTED: 09/08/97 
DATE ANALYZED:  09/08/97 

'ARAMETER 

'ieset 

BLNK RSLT 
(mg/L) 

SPIKE AMT 
(mg/L) 

BS RSLT 
(mg/L) 

BS 
X REC 

SPIKE AMT 
(mg/L) 

BSD RSLT 
(mg/L) 

BSD 
X REC 

RPD 
X 

QC LIMIT 
X 

ND 1.00 1.03 103 1.00 .90 90 13 

RPD LIMIT 
X 

65-135 30 

.URROGATE  PARAMETER 
SPIKE AMT 

(mg/L) 

1.00 
1.00 

BS RSLT 
(mg/L) 

.99 

.91 

BS 
% REC 

99 
91 

SPIKE AMT 
(mg/L) 

1.00 
1.00 

BSD RSLT 
(mg/L) 

1.34 
.91 

BSD 
% REC 

134 
91 

QC LIMIT 
X 

.romobenzene 
lexacosane 

65-135 
60-140 

EM AX 
B-71 5039 

LABORATORIES,  INC.,    630 Maple Ave..   Tcrrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EPA METHOD 802 0 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-605 
1010-05 
3 .1 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

% RECOVERY 

92 

PRL 
(ug/kg) 

5.16 
5.16 
5.16 
15.5 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-72 

LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) 61 8-8889   FAX: (310) 618-0818 
4046 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971010 
18292-606 
1010-06 
6.4 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/03/97 
09/04/97 
09/05/97 
09/05/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

% RECOVERY 

115 

PRL 
(ug/kg) 

5.34 
5.34 
5.34 

16 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-73 4047 

LABORATORIES,  INC..    630 Maple Ave.,   Torrance.   CA 90503    TEL: (31 0) 61 8-8889   FAX: (31 0) 618-081 8 



EPA METHOD SPLP/M8015 
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION 

CLIENT: OHM Remediation Services 
PROJECT: 18292/E1 Toro/D.O. 50 
BATCH NO.: 971010 
MATRIX: SOIL 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

09/03/97 
09/04/97 
09/16/97 
09/17/97 

SAMPLE ID 

18292-605 
18292-614 
MBLK1W 
MBLK1X 

CONTROL NO 

1010-05 
1010-08 
DSI021WB 
TXI008SB 

RESULT 
(mg/L) 

3.8 
5.8 
ND 
ND 

H-C 
RANGE 

C13-C30 
C7-C30 
N.A. 
N.A. 

% RECOVERY 
SURR1   SURR2 

78 
85 
97 
91 

84 
85 
80 
79 

DL       RL 
FACTOR  (mg/L) 

1 
1 
1 
1 

.1 

.1 

.1 

.1 

QC LIMIT 
SURR1 
SURR2 
PRL 
SPLP Extraction Date 

Bromobenzene 
Hexacosane 
Project Reporting Limit 

65-135 60-140 

09/13/97 

5004 

EMAX 
B-74 

LABORATORIES.  INC.,    630 Maple Ave.,   Torrance.   CA 90503    TEL: (310) 6 ! 8-6689   FAX: (31 0) 41 S-081 8 



EMAX 
LABORATORIES,   INC. 
630 Maple Ave. 
Torrance. CA 90503 

Telephone: (310)618-6889 
Fax: (310)618-0818 

Date:  09-19-1997 
EMAX Batch No.:  971005 

Attn:  Ms. Mary Schneider 

OHM Remediation Services 
2031 Main Street 
Irvine CA 92614-6509 

Subject:  Laboratory Report 
Project:  18292/E1 Toro/D.O. 50 

2 3 1937 i'l I 

0    P    y 

Enclosed is the Laboratory report for samples received on 
09/02/97.  The data reported Include : 

Control # Col Date Matrix Analysis 

1005-01    09/02/97  Soil 

Sample ID 

529SB04-584 

529SB04-585 

529SB04-586 

529SB04-587 

529SB04-588 

529SB04-589 

1005-02 

1005-03 

1005-04 

1005-05 

1005-06 

09/02/97 Soil 

09/02/97 Soil 

09/02/97 Soil 

09/02/97 Soil 

09/02/97 Soil 

EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
SPLP 8015 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA M8015 
EPA 8020 

B-75 
1000 



Sample ID 

529SB04-590 

529SB04-591 

529SB04-592 

Control # Col Date Matrix Analysis 

1005-07 

1005-08 

1005-09 

09/02/97 Soil 

09/02/97 Water 

09/02/97 Water 

SPLP 8015 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA M8015 
EPA 8020 
EPA 5030/M8015 
EPA 8020 

The results are summarized on the following pages. 

Please feel free to call if you have any questions concerning 
these results. 

Sincerely yours, 

ng, .PI Kam Y. Pang, Ph.D. 
Laboratory Director 

EM AX 
B-76 1001 

LABORATORIES, INC..    630 Maple Av«..   Torranco.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 
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EPA 5030/M8015 
TOTAL PETROLEUM HYDROCARBONS BY PURGE & TRAP 

CLIENT: 
PROJECT: 
BATCH NO.: 
MATRIX: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
WATER 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 

SAMPLE ID 

529SB04-591 
529SB04-592 
MBLK1W 

CONTROL NO 

1005-08 
1005-09 
VAI0235B 

RESULT 
(mg/L) 

ND 
ND 
ND 

% RECOVERY 
SURR 

85 
86 
86 

DILUTION 
FACTOR 

1 
1 
1 

PRL 
(mg/L) 

.1 

.1 

.1 

QC LIMIT: 
SURR : Bromofluorobenzene 
PRL  : Project Reporting Limit 

65-135 

EMAX 

B-78 

LABORATORIES, INC.,    630 Maple Av«..   Torrance,   CA 90503    TEL: (310) «18-8889   FAX: (310) 618-0818 
4005 



EPA 5030/M8015 
TOTAL PETROLEUM HYDROCARBONS BY PURGE & TRAP 

LIENT: OHM Remediation Services DATE COLLECTED: 09/02/97 
ROJECT: 18292/E1 Toro/D.O. 50 DATE RECEIVED: 09/02/97 
ATCH NO.: 971005 DATE EXTRACTED: 09/03/97 
ATRIX: SOIL DATE ANALYZED: 09/03/97 

RESULT % RECOVERY   DL MOIST PRL 
AMPLE ID CONTROL NO        (mg/kg) SURR FACTOR (%) (mg/kg) 

29SB04-584 1005-01            460+ 185* 1 12.2 11.39 
29SB04-585 1005-02            200+ 138 1 9.3 11.03 
29SB04-586 1005-03            650+ 245* 1 12.0 11.36 
29SB04-587 1005-04            700+ 296* 1 9.5 11.05 
29SB04-588 1005-05            710+ 252* 1 11.7 11.33 
29SB04-589 1005-06            340+ .131 1 5.0 10.53 
29SB04-590 1005-07             ND 82 1 16.7 12 
BLK1S VAI0235B             ND 86 1 NA 10 
BLK2S 

C LIMIT: 

97I01SB              ND 85 

60-140 

1 NA 10 

URR : Bromofluorobenzene 
RL  : Project Reporting Limit 

: Out of QC limit due to matrix interferences. - 
: Not gasoline pattern, the chromatogram indicates heavy hydrocarbon. 

B-79 
4008 

EMAX LABORATORIES, INC.,    430 Maple Ave..   Torrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

CLIENT: OHM Remediation Services 
PROJECT: 18292/El Toro/D.O. 50 
«THOD: EPA M8015G 
MATRIX: SOIL 
X MOISTURE: NA 

3ATCH NO.: 
SAMPLE ID: 
CONTROL NO. 

ACCESSION: 

PARAMETER 

Gasoline 

971005 
LCS1S/LCD1S 
VAI0235L/C 

DATE RECEIVED:      NA 
DATE EXTRACTED:    09/03/97 
DATE ANALYZED:      09/03/97 

BLNK RSLT 
(mg/kg) 

SPIKE AMT 
(mg/kg) 

BS RSLT 
<mg/kg) 

BS 
X REC 

SPIKE AMT 
(mg/kg) 

BSD RSLT 
(mg/kg) 

BSD 
X REC 

RPD 
X 

QC LIMIT 
X 

RPD LIMIT 
X 

ND 5.50 4.60 84 5.50 4.85 88 70-125 40 

SPIKE AMT 
SURROGATE PARAMETER      (mg/kg) 

BS RSLT 
(mg/kg) 

.23 

BS 
X REC 

92 

SPIKE AMT 
(mg/kg) 

.25 

BSD RSLT 
(mg/kg) 

.23 

BSD 
X REC 

92 

QC LIMIT 
X 

Bromofluorobenzene            .25 60-140 

B-80 4007 

C/V\AA     LABORATORIES.  INC..    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) «18-8889   FAX: (310) 618-0818 



EHAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

CLIENT: 
PROJECT: 
METHOD: 
MATRIX: 
X MOISTURE: 

OHM Remediation Services 
18292/Et Toro/D.O. 50 
EPA M8015G 
WATER 
NA 

BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 

ACCESSION: 

PARAMETER 

971005 
LCS1U/LCD1W 
VAI0235L/C 

BLNK RSLT 
(mg/L) 

ND 

SPIKE AMT 
(mg/L) 

1.10 

BS RSLT 
(mg/L) 

.92 

BS 
X REC 

84 

SPIKE AMT 
(mg/L) 

1.10 

DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

BSD RSLT    BSD 
(mg/L)    X REC 

.97 

NA 
09/03/97 
09/03/97 

RPD 
X 

88 

QC 

5 

LIMIT  RPD LIHIT 
X       X 

Gasoline 70-125       30 

SPIKE AH 
SURROGATE PARAMETER      (mg/L) 

T     BS RSLT 
(mg/L) 

.05        .046 

BS 
X REC 

92 

SPIKE AMT     BSD RSLT 
(mg/L)      (mg/L) 

.05         .046 

BSD 
X REC 

92 

QC LIMIT 
X 

Bromoftuorobenzene 65-135 

EM AX 
B-8i 4008 

LABORATORIES, INC.,    630 Maple Ava..   Torrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



CLIENT: 
PROJECT: 
METHOO: 
MATRIX: 
X MOISTURE: 

EMAX QUALITY CONTROL DATA 
HS/HSD ANALYSIS 

OHH Remediation Services 
18292/El Toro/D.O. 50 
EPA M8015G 
WATER 
NA 

BATCH NO.: 
SAHPLE ID: 
CONTROL NO. 

ACCESSION: 

PARAMETER 

Gasoline 

971005 
529SB04-591 
1005-08 

SHPL RSLT 
(mg/L) 

SPIKE AMT 
(mg/L) 

HS RSLT 
(mg/L) 

HS 
X REC 

SPIKE AMT 
(mg/L) 

DATE RECEIVED: 09/02/97 
DATE EXTRACTED: 09/03/97 
DATE ANALYZED:      09/03/97 

HSD RSLT 
(mg/L) 

MSD 
X REC 

RPD 
X 

QC LIMIT 
X 

RPD LIMIT 
X 

ND 1.10 1.02 93 1.10 .97 88 65-135 30 

SURROGATE PARAMETER 
SPIKE AMT 
(mg/L) 

.05 

MS RSLT 
(mg/L) 

.047 

MS 
X REC 

94 

SPIKE AMT 
(mg/L) 

.05 

HSD RSLT 
(mg/L) 

.047 

HSD 
X REC 

94 

QC LIMIT 
X 

B romofIuorobenzene 65-135 

EMAX 
B-82 

LABORATORIES,  INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (3)0) 618-8889   FAX: (310) 618-0818 

40f}g 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE; 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-585 
1005-02 
9.3 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 
SOIL 
20 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
970 
850 

% RECOVERY 

125 

PRL 
(ug/kg) 

110 
110 
110 
331 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 

B-83 

EMAX 
4044 

LABORATORIES. INC..    630 Maple Ave..   Torranc«.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-586 
1005-03 
12.0 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 
SOIL 
20 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
1500 
3600 

12500 

% RECOVERY 

145 

PRL 
(ug/kg) 

114 
114 
114 
341 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 

EMAX 
B-84 4045 

LABORATORIES, INC.,    630 Maple Ave..   Torrance.   CA 90503    TEL: (310) 618-888?   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO. : 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-587 
1005-04 
9.5 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

1-Bromo-4-fluorobenzene 

DATE COLLECTED:  09/02/97 
DATE RECEIVED:   09/02/97 
DATE EXTRACTED:  09/03/97 
DATE ANALYZED:   09/03/97 
MATRIX:          SOIL 
DILUTION FACTOR: 20 

=========== ===================== 

RESULTS 
(ug/kg) 

PRL 
(ug/kg) 

ND 
1700 
3800 

12000 

110 
110 
110 
331 

% RECOVERY QC LIMIT 

166* 50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 
*  :  Out of QC  limit due to matrix interferences. 

EMAX 
B-85 

LABORATORIES, INC.,    630 Maplo Ave..   Torronce,   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 
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EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-588 
1005-05 
11.7 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

;      DATE COLLECTED:  09/02/97 
DATE RECEIVED:   09/02/97 
DATE EXTRACTED:  09/03/97 
DATE ANALYZED:   09/03/97 
MATRIX:          SOIL 
DILUTION FACTOR: 20 

: = = = =:=: = = = =: = = = = = = = = = = = = = =: = =:=:=:s = = i= — 

RESULTS 
(ug/kg) 

PRL 
(ug/kg) 

ND 
620 

2400 
7Q00 

113 
113 
113 
340 

% RECOVERY QC LIMIT 

158* 50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 
*  :  Out of QC limit due to matrix interferences. 

B-86 

EM AX LABORATORIES, INC.,    630 Maple Ave.,   Torrance,   CA 90503    TEL: (3)0) 6)8-8889   FAX: (310) 618-0818 
4047 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-589 
1005-06 
5.0 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

DATE COLLECTED:  09/02/97 
DATE RECEIVED:   09/02/97 
DATE EXTRACTED:  09/03/97 
DATE ANALYZED:   09/03/97 
MATRIX:          SOIL 
DILUTION FACTOR: 20 

========== sn — = = = = = = = = = = = ======= 

RESULTS 
(ug/kg) 

PRL 
(ug/kg) 

ND 
ND 

440 
1200 

105 
105 
105 
316 

RECOVERY QC LIMIT 

119 50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 

B-87 4048 
EMAX LABORATORIES, INC.,    630 Maple Ave..   Torrance,   CA 90503    TEL: (310) 6)8-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-584 
1005-01 
12.2 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 
SOIL 
20 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 

1400 
1500 

f RECOVERY 

126 

PRL 
(ug/kg) 

114 
114 
114 
342 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

Results were confirmed by a secondary GC column. 

B-88 

EM AX 
4043 

LABORATORIES.  INC.,    630 Maple Av«..   Torrance.   CA 90503    TEL: (3)0) 618-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-590 
1005-07 
16.7 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
.ND 

Sr RECOVERY 

106 

PRL 
(ug/kg) 

6 
6 
6 

18 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

B-89 40 49 
CiVV/AA     LABORATORIES, INC..    630 Maple Ave.,   Torrance,   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO. : 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
MBLK1S 
VAI0235B 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

NA 
NA 
09/03/97 
09/03/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
ND 

% RECOVERY 

108 

PRL 
(ug/kg) 

5 
5 
5 

15 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EMAX 
B-90 4050 

LABORATORIES, INC.,    630 Maple Av«.,  Torrancs.   CA 90503    TEL: (310) 618-8889   FAX: (310) 6\ 8-08)8 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
MBLK2S 
97I01SB 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

NA 
NA 
09/03/97 
09/03/97 
SOIL 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/kg) 

ND 
ND 
ND 
.ND 

'i  RECOVERY 

110 

PRL 
(ug/kg) 

5 
5 
5 

15 

QC LIMIT 

50-150 

PRL:  Project Reporting Limit 

EM AX 
B-91 

LABORATORIES, INC..    630 Maple Av«„  Torranc».   CA 90503    TEL: (310) 618-8889   FAX: (310) Ä18-0818 

4051 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO. : 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005. 
529SB04-591 
1005-08 
NA 

DATE COLLECTED:  09/02/97 
DATE RECEIVED:   09/02/97 
DATE EXTRACTED:  09/03/97 
DATE ANALYZED:   09/03/97 
MATRIX:          WATER 
DILUTION FACTOR: 1 

RESULTS 
(ug/L) 

PRL 
(ug/L) 

ND 
ND 
ND 
ND 

.3 

.3 

.3 
1 

% RECOVERY QC LIMIT 

105 60-140 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

1-Bromo-4-fluorobenzene 

PRL:  Project Reporting Limit 

4052 
EMAX 

B-92 

LABORATORIES. INC.,    630 Maple Av«..  Torrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
529SB04-592 
1005-09 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

09/02/97 
09/02/97 
09/03/97 
09/03/97 
WATER 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/L) 

ND 
ND 
ND 
.ND 

% RECOVERY 

113 

PRL 
(ug/L) 

.3 

.3 

.3 
1 

QC LIMIT 

60-140 

PRL:  Project Reporting Limit 

B-93 

EMÄX 
4053 

LABORATORIES. INC.,    630 Mapl« Avo..  Torrance,   CA 90503    TEl: (310) «18-8889   FAX: (310) 618-0818 



EPA METHOD 8020 
BTEX 

CLIENT: 
PROJECT: 
BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 
%  MOISTURE: 

OHM Remediation Services 
18292/E1 Toro/D.O. 50 
971005 
MBLK1W 
VAI0235B 
NA 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX: 
DILUTION FACTOR: 

NA 
NA 
09/03/97 
09/03/97 
WATER 
1 

PARAMETERS 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

RESULTS 
(ug/L) 

ND 
ND 
ND 
.ND 

% RECOVERY 

108 

PRL 
(ug/L) 

.3 

.3 

.3 
1 

QC LIMIT 

60-140 

PRL:  Project Reporting Limit 

B-94 

EMAX 
4054 

LABORATORIES, INC.,    630 Maple Ave.,  Torrance.   CA 90503    TEL: (310) 618-8889   FAX: (310) 618-0818 



EMAX QUALITY CONTROL DATA 
NS/MSD ANALYSIS 

CLIENT: 
PROJECT: 
4ETHOD: 
4ATRIX: 
X MOISTURE: 

OHM Remediation Services 
18292/El Toro/D.O. 50 
EPA 8020 
WATER 
NA 

BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 

971005 
529SB04-591 
1005-08 

DATE RECEIVED: 
DATE EXTRACTED 
DATE ANALYZED: 

09/02/97 
: 09/03/97 

09/03/97 

ACCESSION: 

PARAMETER 
SMPL RSLT 
(ug/L) 

ND 
ND 
ND 
ND 

SPIKE AMT 
(ug/L) 

13.00 
79.60 
17.80 
93.40 

MS RSLT 
(ug/L) 

14.80 
90.90 
20.20 
103.00 

MS 
X REC 

114 
114 
114 
110 

SPIKE AMT 
(ug/L) 

13.00 
79.60 
17.80 
93.40 

MSD RSLT    MSD 
(ug/L)    X REC 

14.20      109 
86.90      109 
19.40      109 
98.60      106 

RPD 
X 

4 
5 
4 
4 

QC LIMIT  RPD LIMIT 
X       X 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

39-150       30 
46-148      30 
32-160      30 
61-129      30 

SURROGATE PARAMETER 
SPIKE AMT     MS RSLT 
(ug/L)      (ug/L) 

50.00       55.90 

MS 
X REC 

112 

SPIKE AMT    MSD RSLT 
(ug/L)      (ug/L) 

50.00       56.40 

MSD 
X REC 

113 

QC LIMIT 
X 

l-Bromo-4-fluorobenzene 60-140 

B-95 

EMAX 
4055 

LABORATORIES, INC..    630 Maple Ave..   Torrance,   CA 90503    TEL: (3IO) 6I8-8889   FAX: (310) 618-0818 



EHAX OUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

CLIENT: 
PROJECT: 
METHOD: 
MATRIX: 
X MOISTURE: 

OHM Remediation Services 
18292/El Toro/D.O. 50 
EPA 8020 
SOIL 
NA 

BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 

ACCESSION: 

PARAMETER 

971005 
LCS1S/LCD1S 
VAI0235L/C 

BLNK RSLT 
(ug/kg) 

ND 
ND 
ND 
ND 

SPIKE AMT 
(ug/kg) 

65.00 
398.00 
89.00 

467.00 

BS RSLT 
(ug/kg) 

66.40 
404.00 
88.60 

457.00 

BS 
X REC 

102 
102 
100 
98 

DATE RECEIVED:  NA 
DATE EXTRACTED: 09/03/97 
DATE ANALYZED:  09/03/97 

SPIKE AMT BSD RSLT    BSD      RPO 
(ug/kg)   (ug/kg)   X REC     X 

65.00 71.20 110 
398.00   433.00      109 
89.00 100.00 113 

467.00   488.00     105 

QC 

7 
7 

12 
7 

LIMIT  RPD LIMIT 
X       X 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

39-150      50 
46-148      50 
32-160      50 
61-129      50 

SURROGATE PARAMETER 
SPIKE AMI 
(ug/kg) 

250 

r     BS RSLT 
(ug/kg) 

00       274.00 

BS 
X REC 

110 

SPIKE AMT    BSD RSLT 
(ug/kg)     (ug/kg) 

250.00      278. 30 

BSD 
X REC 

111 

QC LIMIT 
X 

1-Bromo-4-fluorobenzene 50-150 

B-96 

EMAX 
4056 

LABORATORIES, INC.,    630 Maple Ave.,   Torrance.   CA 90503    TEl: (310) 618-8889   FAX: (310) 618-0818 



EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

CLIENT: 
PROJECT: 
METHOD: 
MATRIX: 
X MOISTURE: 

OHM Remediation Services 
18292/El Toro/D.O. 50 
EPA 8020 
WATER 
NA 

BATCH NO.: 
SAMPLE ID: 
CONTROL NO.: 

971005 
LCS1W/LCD1W 
VAI0235L/C 

DATE RECEIVED:  NA 
DATE EXTRACTED: 09/03/97 
DATE ANALYZED:  09/03/97 

ACCESSION: 

PARAMETER 
BLNK RSLT 
<ug/L) 

ND 
ND 
ND 
ND 

SPIKE AMT 
(ug/L) 

13.00 
79.60 
17.80 
93.40 

BS RSLT 
(ug/L) 

13.30 
80.90 
17.70 
91.40 

BS    SPIKE AMT 
X REC   (ug/L) 

102    13.00 
102    79.60 
100    17.80 
98    93.40 

BSD RSLT 
(ug/L) 

14.20 
86.50 
20.00 
97.60 

BSD     RPD 
X REC     X 

110 
109 
113 
105 

7 
7 
12 
7 

QC LIMIT 
X 

39-150 
46-148 
32-160 
61-129 

RPD LIMIT 
X 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

30 
30 
30 
30 

SURROGATE PARAMETER 

l-Bromo-4-fluorobenzene 

SPIKE AMT 
(ug/L) 

BS RSLT 
(ug/L) 

BS 
X REC 

SPIKE AMT 
(ug/L) 

BSD RSLT 
(ug/L) 

BSD 
X REC 

QC LIMIT 
X 

50.00 54.90 110 50.00 55.50 111 60-140 

B-97 

EMAX 
4057 

LABORATORIES, INC..   630 Maple Ave.,  Torrance.   CA 90503   TEL: (3tO) 618-8889  FAX: (310) 618-0818 



EPA METHOD SPLP/M8015 
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION 

CLIENT: OHM Remediation Services 
PROJECT: 18292/E1 Toro/D.O. 50 
BATCH NO.: 971005 
MATRIX: WATER 

DATE COLLECTED: 
DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 

09/02/97 
09/02/97 
09/16/97 
09/17/97 

SAMPLE ID 

529SB04-586 
529SB04-589 
MBLK1W 
MBLK1S 

CONTROL NO 

1005-03 
1005-06 
DSI021WB 
TXI008SB 

RESULT 
(mg/L) 

4.0 
2.2 
ND 
ND 

H-C 
RANGE 

C9-C31 
C10-C25 
N.A. 
N.A. 

% RECOVERY 
SURR1   SURR2 

76 
81 
97 
91 

80 
79 
80 
79 

DL 
FACTOR 

1 
1 
1 
1 

PRL 
(mg/L) 

.1 

.1 

.1- 

.1 

QC LIMIT 
SURR1 
SURR2 
PRL 

65-135 60-140 
Bromobenzene 
Hexacosane 
Project Reporting Limit 

SPLP EXTRACTION DATE :  09/13/97 

B-98 

EMAX 
5004 

LABORATORIES, INC.,    630 Maple Ave.,   Torranco.   CA 90503    TEL: (310) 618-888?   FAX: (310) «18-0818 



EMAX QUALITY CONTROL DATA 
LCS/LCO ANALYSIS 

XIENT: OHM Remediation Services 

'ROJECT: 18292/El Toro/D.O. 50 
«THOD: EPA SPLP/M8015 
4ATRIX: WATER 
< MOISTURE: NA 

JATCH NO.: 
SAMPLE ID: 
3MTROL NO.: 

971005 
LCS1U/LC01U 
DSI021WL/C 

DATE RECEIVED:  NA 
DATE EXTRACTED: 09/16/97 
DATE ANALYZED:  09/17/97 

ACCESSION: 

BLNK RSLT SPIKE AMT. BS RSLT BS SPIKE AMT BSD RSLT    BSD RPD    QC LIMIT  RPD LIMIT 

PARAMETER (mg/L) 

ND 

(mg/L) 

1.00 

(mg/L) 

.93 

X REC 

93 

(mg/L) 

'1.00 

(mg/L)    X REC 

.78      78 

XXX 

3iesel 18   65-135       30 

SPIKE AMT BS RSLT BS SPIKE AMT    BSD RSLT BSD       QC LIMIT 

SURROGATE PARAMETER       (mg/L) 

.00 

.00 

(mg/L) 

1.13 
.91 

X REC 

113 
91 

(mg/L) 

1 
1 

(mg/L) 

.00        1.01 

.00         .84 

X REC         X 

Sromobenzene 
Hexacosane 

1 
1 

101       65-135 
84       60-140 

B-99 5005 
EMAX LABORATORIES. INC..    630 Maple Ave..  Torrance,   CA 90503    TEL: (310) 618-8889   FAX: (310) «18-0818 



Appendix C 

RBCA Equations and Assumptions 

C-l 



B Risk-Based   Screening   Level 
Calculation Procedures 

This appendix provides the risk equations and mathematical models used to 
estimate the risk posed to residential and commerdal receptors through contact 
with TPH-impacted soils using the TPH Criteria Working Group (Working 
Group) protocol. The RBCA framework was selected for evaluation of the 
Working Group protocol at this site since it is widely distributed, well understood, 
based on straight-forward numerical models, and is becoming increasingly 
accepted throughout the country. Example models presented in the RBCA 
guidance document were used to calculate risk-based screening levels (RBSLs) for 
applicable pathways. 

A discussion of risk equations used to estimate exposure to contaminated 
groundwater and soils are provided in the following section. This discussion is 
followed by a presentation of mathematical models used to determine chemical 
exposure for direct and cross-media transport pathways. Note that these 
equations are used to find RBSLs for different exposure pathways for single 
compounds, or, in this case, single TPH fractions. The fraction RBSLs are then 
used to calculate "whole TPH" RBSLs as described in Section 4 of this report. 

B.1 Exposure Calculations 
This section provides a general discussion of the assumptions used to calculate 
intakes resulting from various exposure pathways. Exposure pathways are defined 
as a direct contact route between a receptor and an impacted medium. Exposure 
pathwavs are determined for receptors based on the receptors' expected activities 
at the Site. 

B.1.1    Intake Assumptions 
In order to translate exposures to potentially impacted media into intakes or 
doses, intake assumptions must be specified. These intake assumptions consider 
the number of times a receptor is expected to contact a particular medium, the 
duration of the contact, and the mechanisms that enable chemicals in impacted 
media to be potentially assimilated by the receptor. 

Generally, the intake or dose of a particular chemical by a receptor is calculated 
with Equation 1: 

Appendix B: RBCA Equations and Assumptions 
C-2 



TPH Criteria Working Group Field Demonstration 

„.^, ,,     , i     C ■ CR    EF-ED 
(1) Chemical Intake * 

BW AT 

where: 
I =  Chemical intake [mg/kg BW-day] 
C =  Chemical concentration [e.g., mg/kg-soil or mg/L-water] 
CR =  Contact rate or the amount of impacted medium contacted per 

event [e.g., liters/day, mg/day] 
EF =   Exposure frequency [days/year] 
ED =   Exposure duration [years] 
BW =   Body weight of the receptor [kg] 
AT =  Averaging time of the exposure [days] 

This equation calculates an intake that is normalized over the body weight of the 
individual and the time of the exposure. 

Since the intake or dose is combined with quantitative indices of toxicity 
(chemical-specific dose-response information such as reference doses or cancer 
slope factors) to give a measure of potential health effects, the intake or dose must 
be calculated in a manner that is compatible with the quantitative dose-response 
information for the constituents of interest used in the analysis. 

In an analysis of the potential risk associated with exposure to TPH-impacted 
media, both carcinogenic and non-carcinogenic risk is calculated. The Working 
Group approach was developed to assess non-carcinogenic risk; the appendix 
describes that procedure. Risk associated with individual carcinogenic 
components of TPH (e.g., benzene) should be evaluated prior to an evaluation of 
non-carcinogenic risk since the presence of these compounds will often drive 
cleanup. 

Non-carcinogenic effects are evaluated for potential chronic exposures. The 
relevant intake or dose is based on the daily intake averaged over the exposure 
period. The quantitative dose-response function for non-carcinogenic effects is 
based on the assumption that effects occur once a threshold dose resulting from 
exposure is attained. For non-carcinogenic effects, the averaging time (ATn) is 
equal to the period of exposure for the receptor. 

Appendix B: RBCA Equations and Assumptions 
C-3 



TPH Criteria Working Group Field Demonstration 

B.1.2   Receptor-Specific Exposure Assumptions 
Site receptors include both residential and commercial/industrial workers at the 
site. Table B-1 provides a list of receptor-specific exposure parameters which were 
used to calculate fraction-specific and "whole TPH" RBSLs. 

Table B-1   Receptor-Specific Exposure Assumptions 

Parameter Units Resident 
Commercial/ 

Industrial Worker 

Exposure Duration 
(ED) 

yr 30 25 

Exposure Frequency 
(EF) 

dlyr 350 250 

Averaging Time (AT„) 
for Non-Carcinogens Jr 30 25 

Body Weight (BW) k 70 70 

Ingestion Rate - Soil 
(IRSOH) 

mg/d 100 50 

Inhalation Rate - 
Indoor Air m3/d 15 20 

Inhalation Rate - 
Outdoor Air 

V'Rair-out) 

m3/d 20 20 

Ingestion Rate - 
Water 
(IRw) 

Lid 2 1 

Oral Relative 
Absorption Factor 

(RAFd) 
— 1 1 

Skin Surface Area 
(SA) 

2 cm 3,160 3,160 

Soil to Skin 
Adherance Factor (M) 

mg/cnr 0.5 0.5 

NOTE: 
All values are default values specified in RBCA (ASTM El 739-95). 

B.2 Risk Equations 
This section describes the risk equations used to develop Tier 1 risk-based 
screening levels (RBSLs) for different pathways and receptors at the site.  RBSLs 
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for exposure to contaminated water, soil, and air are developed. For this site, the 
potential pathways include: 1) inhalation via volatilization from soils, which 
includes enclosed-space accumulation, 2) inhalation via volatilization from soils 
to outdoor air, 3) ingestion of groundwater via leaching from soil to groundwater, 
and 4) ingestion, inhalation and/or dermal absorption via direct contact with soils. 
Soil RBSLs for individual TPH fractions are calculated for each pathway and 
receptor. These RBSLs are then used to calculate "whole TPH" RBSLs, as 
described in Section 4 of this report, using the Working Group methodology. 

B.2.1   Volatilization to Indoor Air Pathway 
The analytical model used to estimate volatilization from soil to indoor air is 
based upon the partitioning of a constituent into water, vapor, and sorbed phases 
as determined by the physical and chemical properties of the constituent. A 
schematic of this model is provided in Figure B-1. In this model, contaminants 
partition into soil pore gas which migrates through the vadose zone to the base 
of a building foundation. At this point, the contaminant vapors diffuse through 
cracks present in the building foundation and into the building air space where 
they may accumulate.  Exposure occurs through inhalation of these vapors. 

Calculation of a soil RBSL for the indoor air pathway first requires calculation of 
an indoor air RBSL. This corresponds with an "acceptable" indoor air 
concentration for the receptors evaluated in this report. Using the indoor air 
RBSL, and taking into account enclosed space accumulation, transport from 
vadose zone soils and chemical partitioning, soil RBSLs can be calculated which 
are protective of indoor air quality for each of the potential receptors. RBSLs are 
calculated for each TPH fraction individually. A "whole TPH" RBSL is then 
calculated as described in Section 4 of this report. 
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Figure B-1     Volatilization to Indoor Air Model 
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This model is based on several conservative assumptions, including: 1) a constant 
chemical concentration in subsurface soils; 2) linear, equilibrium partitioning in 
the soil between sorbed, dissolved, and vapor phases; and 3) steady-state vapor- 
and liquid-phase diffusion through the vadose zone and foundation cracks. As 
presented in the example calculation of RBSLs in the ASTM RBCA standard, the 
Johnson and Ettinger model neglects the potential for converted transport of 
vapor into a building. However, the full model does consider this. While this 
assumption is generally conservative, it may not be for some situations in which 
convection dominates. 

The model additionally assumes that vapors migrate completely and 
instantaneously into the building, i.e., no attenuation occurs between impacted 
subsurface soils and the structure foundation. It is important to stress that this 
is a very conservative assumption since considerable attenuation including 
biodegradation and sorption onto clean soil particles could occur as the vapor 
migrates through the vadose zone. 
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Indoor Air RBSL Calculation 
The indoor air RBSL is equal to the concentration of a chemical (or TPH fraction) 
in indoor air which yields a hazard index of 1. It incorporates exposure 
parameters, which differ for different receptors (see Table B-l), and the reference 
dose (RfD) for each TPH fraction (see Table 3-3). For the EC8-EC10 fractions, 
where two RfD values are given, the most conservative values (i.e., for the EC9- 
EC10 fraction) are used to evaluate risk. 

n\ Air PRQi THO x RfD, * BW x AT  x 365 &L x 103 **- 

""■ L«»-a/rJ //?      .    x £F x ££> a;r-;n 

where: 
THQ = Target hazard quotient for individual constituents [unitless] 
RfD;   = Inhalation chronic reference dose [mg/kg-day] 
BW    = Body weight [kg] 
ATn    = Averaging time for non-carcinogens [years] 
IRur-in = Daily air inhalation rate [m3/day] 
EF      = Exposure frequency [days/year] 
ED      = Exposure duration [years] 

The target hazard quotient (THQ) for calculation of non-carcinogenic effects is 1. 
The inhalation rate (IR^™) is the amount of air inhaled per day, which varies 
based on the receptor. The exposure frequency (EF), exposure duration (ED) and 
body weight (BW) are described in the intake assumptions for specific receptors 
(Table B-l). For non-carcinogenic effects, the averaging time (AT) is equal to the 
period of exposure for the receptor. These values are included in Table B-1. The 
RfD values for individual fractions are included in Table 3-3 in this report. For 
the EC8-EC10 fractions, where two RfD values are given, the most conservative 
values (i.e., for the EC9-EC10 fraction) are used to evaluate risk. 

Transport of Vapors from Vadose Soils to Building 
The next step in calculation of a soil concentration (RBSL^) which will yield an 
acceptable indoor air concentration (RBSL^,.) is to evaluate transport of 
compounds from vadose soil into indoor air. 

Because some dilution of the vapor is expected to occur between the source and 
the building foundation, a diffusion factor is used.  Equation 3 defines this factor: 
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3.33 „3.33 
e..  „,   i    o_. (3) Effective Diffusion p€ r«^i _ pair e«    + n""" _!_ 

Coefficient in Soil * Q
2

T 
H

C   Q\ 

where: 
D™ = Diffusion coefficient in air [cm2/sec] 
pwat _ £)iffusjon coefficient in water [cm2/sec] 

0T = Total soil porosity [cm3/cm3] 
Hc = Henry's Constant [cm3-H20/cm3-air] 
6as = Soil volumetric air content [cm3-air/cm3-soil] 
0WS = Soil volumetric water content [cm3-H20/cm3-soil] 

In addition, the diffusion of the pore gas through cracks present in the building 
foundation is governed by the following equation: 

(4) Effective Diffusion Coefficient Foundation Cracks 
2 „3.33 „3.33 

r-\ fff      rOT    -]    _    r\ air      imtck r-j nat     1        itcnck 
craai   L J 0 u t 

where: 
0acrack = Volumetric air content in foundations [cm3-air/cm3] 
0wcrack = Volumetric water content in foundations [cm3-H20/cm3] 
TTX = Diffusion coefficient in air [cm2/sec] 
rjwat _ £)iffusion coefficient in water [cm2/sec] 
0T = Total soil porosity [cm3/cm3] 
Hc = Henry's Constant [cm3-H20/cm3-air] 

Default values for these parameters are given in Table B-2 at the end of this 
section. Henry's Constants for each TPH fraction are provided in Table 1-2 in 
the main text of this report. 

Chemical Partitioning 
The chemical properties of a compound determine how it will partition between 
soil, water and air. The partitioning equation which accounts for the movement 
of chemicals from the soil into the vapor phase in the soil pore spaces is defined 
as follows: 
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(5) Partitioning Factor pp      _  fj_f  
Soil/Vapor Phase s'v     6    + k p   + H 6 

i ws s  rs c     as 

where: 
Hc = Henry's Constant [cm3-H20/cm3-air] 
ps = Soil bulk density [g/cm3] 
k, = Soil sorption coefficient (k^f«.) [cm3-H20/g-soil] 
0^ = Volumetric water content of soil [cm3-H20/cm3-soil] 
0as = Volumetric air content of soil [cm3-air/cm3-soil] 

Fraction-specific values for Henry's Constant and the partitioning coefficient, k^ 
are given in Tables 1-2 and 1-3 in the main text of this report. Other 
non-fraction-specific values are given in Table B-2 at the end of this section. 

Soil RBSL - Volatilization to Indoor Air Pathway 
Equations 3, 4 and 5 are then combined to yield the overall subsurface soil to 
enclosed space volatilization factor (VF^), which takes into account partitioning, 
diffusion in the vadose zone, and effective diffusion into an enclosed space, and 
adds terms for accumulation of vapors in the enclosed space. This factor is 
defined as follows: 

<«W> nf 

(6) Volatilization Factor    yp     = 
Ls m L» x  jo3 [""^ 

(Indoor Air) -      ,  , ^   -^ 

where: 
PFS.V   = Partitioning Factor (see Equation 5 above) 
Ds

eff    = Effective diffusion coefficient in soil [cm2/s] (see Equation 3 above) 
Doack6^ Effective diffusion coefficient through foundation cracks [cm2/s] (see 

Equation 4 above) 
Ls        = Depth to subsurface soil sources [cm] 
ER      = Enclosed-space air exchange rate [s1] 
Lg       = Enclosed-space volume/infiltration area ratio [cm] 
Lcrack   = Enclosed-space foundation or wall thickness [cm] 
r\ = Areal fraction of cracks in foundation/walls [cm2/cm2] 

Values used in this calculation are given in Table B-2 at the end of this section. 

This   term,   VF^,  when  combined  with  the  allowable  concentration   of 
contaminant in the air space (RJBSLair), determines the maximum allowable 
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concentration of the contaminant in the subsurface soil source area as shown in 
Equation 7. 

(7) Soil RBSL - Indoor Air RBSLmr ["T"] 
RBSL     [-25-1 =  "L-^L- svin   Lkg-soilJ YP Pathway 

sesp 

Fraction-specific RBSLs are then used to calculate "whole TPH" RBSLs as 
described in Section 4 of this report. 

Input Parameters 
Fraction-specific parameters are given in Tables 1-2 and 1-3 of this report. Other 
parameters used in calculation of the soil RBSL for the indoor air pathway are as 
follows: 

Table B-2 Input Parameters for Indoor Air RBSL Calculations 

Parameter Units Default Value 

eT cm3/cm3 0.38 

eas cm3-air/cm3-soil 0.26 

0ws cm3-H20/cm3-soil 0.12 

"acrack cm3-air/cm3 0.26 

üwcrack cm3-H2Olcm3 0.12 
pair cm2/sec 0.1* 

Dwat cm2/sec 1 X 10'5* 

foe g/g 0.01 

Ps g/an3 1.7 

Ls cm 100 

LB cm 
200 (residential) 
300 (commertial) 

ER s-' 
0.00014 (residential) 
0.00023 (commercial) 

'-'crack cm 15 

n cm2/cm2 0.01 

NOTES: 
All values are default values specified in RBCA (ASTM E1739-95), unless otherwise specified. 
* indicates chemical-specific value 
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B.2.2   Volatilization to Outdoor Air Pathway 
The volatilization to outdoor air model is very similar to the indoor air model. In 
this model, contaminants partition into soil pore gas which migrates through the 
vadose zone to the ground surface (Figure B-2). Upon exiting the ground surface, 
the contaminant vapors mix with the ambient air. Dispersion into ambient air is 
modeled using a "box model" which is typically valid for source widths of less than 
100 feet parallel to wind direction. Steady-state well-mixed atmospheric 
dispersion of the vapors within the breathing zone is assumed. Other assumptions 
listed for the indoor air model concerning linear equilibrium partitioning, steady- 
state vapor diffusion through the vadose zone, and no attenuation of the chemical 
as it migrates through the vadose zone, are also assumed for this model. 

Figure B-2     Schematic of Soil Volatilizing to Outdoor Air Model 
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Soil RBSL - Volatilization to Indoor Air Pathway 
Calculation of the RBSL for subsurface soil for protection of outdoor air quality 
is performed in a manner similar to that described for the indoor air pathway. A 
volatilization factor for ambient air (VFsamb) is derived, using the effective 
diffusion coefficient in vadose soils and the partitioning factor defined in 
Equations 3 and 5, and incorporating terms for diffusion into ambient air. This 
volatilization factor is defined as follows: 
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(8) Volatilization Factor (Outdoor Air) 
PF 3 

yp rmg/m   -air-,   _    S-V X    103   l""   "**] 

D*W 

where: 
PFS.V = Partitioning factor (see Equation 5 above) 
Ds

eff = Effective diffusion coefficient in soil [cm2/s] (see Equation 3 above) 
Ls = Depth to subsurface soil sources [cm] 
U.^ = Wind speed above ground surface in ambient mixing zone [cm/sec] 
6^,. = Ambient air mixing zone height [cm] 
W = Width of source area parallel to wind direction [cm] 

Default values for parameters used in this calculation are given in Table B-3 at the 
end of this section. 

This term, VF.^, when combined with the allowable concentration of 
contaminant in the air space (RBSL^ - see Equation 2), determines the maximum 
allowable concentration of the contaminant in the subsurface soil source area 
(RBSL^J as shown in Equation 9. 

RR^T       f    mg   1 
(9) Soil RBSL-Outdoor Air = ^ «<> l

ms_   J m   -air 

Pathway "-out L^-J0,;J yp 
samb 

Fraction-specific RBSLs are then used to calculate "whole TPH" RBSLs as 
described in Section 4 of this report. 

Input Parameters 
Fraction-specific parameters are given in Tables 1-2 and 1-3 of this report. 
Parameters used for calculation of the partitioning factor (PFS.V) and diffusion 
coefficient (Ds

eff) are included in Table B-2 above. Other parameters used in 
calculation of the soil RBSL for protection of outdoor air are as follows: 
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Table B-3 Input Parameters for Outdoor Air RBSL Calculations 

Parameter Units Default Value 

I* an 100 

uair cmls 225 

ö* an 200 

w an 1,500 

B.2.3   Leaching to Groundwater Pathway 
Leaching of constituents from impacted soils into infiltrating water may result in 
contamination of underlying groundwater. Subsequent ingestion of this 
groundwater is one of the exposure pathways evaluated in this analysis. 
Therefore, for the RBCA analysis of TPH exposure to soils presented in this 
report, calculation of risk for the soil leaching to groundwater pathway was based 
on protection of groundwater to the groundwater ingestion RBSL (RBSL^.). 
Figure B-3 illustrates this pathway. 

The analytical model used to estimate soil leaching to groundwater determines the 
partitioning of a constituent (or TPH fraction) into water, vapor, and sorbed 
phases based on the physical and chemical properties of the constituent (or TPH 
fraction). In this model, infiltrating water migrates through contaminated soils 
in the vadose zone. At this point, some of the contaminant partitions from the 
soil or vapor phase into the water phase. This leachate is then assumed to migrate 
completely and instantaneously into groundwater. 
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Figure B-3     Schematic of Soil Leaching to Groundwater Model 
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Based on this model, the soil RBSL for the leaching to groundwater pathway 
involves 3 steps: 

1. Calculation of a groundwater RBSL (RBSL^) to determine an 
acceptable groundwater concentration for the given exposure scenarios; 

2. Calculation of a leachate concentration (C ) which would be protective 
of groundwater to this groundwater RBSL; and 

3. Calculation of a soil concentration (Cs) which would result in this 
leachate concentration. This soil concentration is the soil RBSL for the 
leaching to groundwater pathway. 

Ingestion of Groundwater 
Calculation  of the  RBSL  for the  ingestion  of groundwater  is  based on 
Equation 10: 

(10) Groundwater RBSL 

RBSL    [-2£_] 
THQ x RfDo x BW x ATn x 365 days 

year 

IR... x EF x ED 
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where: 
THQ = Target hazard quotient for individual constituents (unitless); 
RfD0 = Oral chronic reference dose (mg/kg-day); 
BW = Body weight (kg); 
ATn = Averaging time for non-carcinogens (years); 
IR^, = Daily water ingestion rate (L/day); 
EF = Exposure frequency (days/year); and 
ED = Exposure duration (years). 

The target hazard quotient (THQ) for calculation of non-carcinogenic effects is 1. 
Reference doses are fraction-specific; a list of RfDs for each fraction is presented 
in Table 3-3. For the EC8-EC10 fractions, where two RfD values are given, the 
most conservative values (i.e., for the EC9-EC10 fraction) are used to evaluate 
risk. The ingestion rate (IRw) is the amount of water incidentally ingested per 
day; this value varies based on the receptor. The exposure frequency (EF), 
exposure duration (ED) and body weight (BW) are described in the intake 
assumptions for specific receptors. For non-carcinogenic effects, the averaging 
time (ATn) is equal to the period of exposure for the receptor. Receptor-specific 
values used for these exposure parameters are included in Table B-1. 

Leachate Concentration 
Once a groundwater RBSL has been calculated, an acceptable leachate 
concentration must be derived. Because some dilution of the leachate is expected 
as it combines with the bulk groundwater underlying the vadose zone, an 
attenuation factor based on infiltration rate (I), groundwater velocity (U ), 
source width (L), and height of the mixing zone in the water column (M or 8GW) 
is used. The equation describing this attenuation factor is as follows: 

1 J Ä 

(11) Attenuation Factor AF = [1 +     GW   GW] 
I W 

where: 
U^ = Groundwater Darcy velocity [cm/yr] 
6^ = Height of groundwater mixing zone [cm] 
I = Precipitation infiltration rate [cm/yr] 
W = Width of the source area parallel to the mixing zone [cm] 

Default values for these parameters are included in Table B-4 at the end of this 
section. 
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Chemical Partitioning 
In order to determine a soil concentration which will result in an acceptable 
leachate concentration for protection of groundwater, contaminant partitioning 
into the three phases, soil, water, and air, must be evaluated. This partitioning 
is governed by the partitioning factor (PFS.W) shown below: 

(12) Partitioning Factor pp       _  L m      s r*        c   *** 
Soil/Water s-w 

where: 
Hc = Henry's Constant [cm3-H20/cm3-air] 
0as = Soil volumetric air content [cm3-air/cm3-soil] 
0WS = Soil volumetric water content [cm3-H20/cm3-soil] 
k. = Soil sorption coefficient (k^*^) [cm3/g] 
ps = Soil density [g/cm3] 

Henry's Constant (Hc) and the soil partitioning coefficient (k^) are chemical- 
specific parameters. Values used for each TPH fraction are included in Table 1-2. 
Values used for the other parameters are included in Table B-4 at the end of this 
section. 

Soil RBSL - Leaching to Groundwater Pathway 
The partitioning factor (PFS.W), multiplied by the attenuation factor (AF) which 
accounts for dilution of leached water into underlying groundwater, derives the 
inverse of the leaching factor (1/LF^). Note that the leaching model is very 
conservative since it assumes that no attenuation of the leachate occurs from the 
vadose zone to saturated zone. In fact, biological degradation of the constituent 
or repartitioning onto soil or into the vapor phase are all likely to occur as the 
leachate migrates to groundwater. Other assumptions of the model include: 1) a 
constant chemical concentration in the subsurface soils, 2) linear equilibrium 
partitioning within the soil matrix between sorbed, dissolved, and vapor phases, 
3) steady-state leaching from the vadose zone to groundwater, and 4) steady state, 
well-mixed dispersion of the leachate within the groundwater mixing zone. 

Thus, the leaching factor (LF^) which governs transport of contaminants from soil 
to infiltrating water incorporates both the PFS.W (Equation 12) and the AF 
(Equation 11) which yields the following equation: 
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(13) Leaching _  1  
Factor *» "  [ PFs_w x AF ] 

or 

LF^ -  P-l  xlO° ^* 

[6    +k p  +H0][1 + UGW
 *Gwr] L~g L

   ws s  's c     as-"- r  T^r       J 

where: 
U = Groundwater Darcy velocity [cm/yr] 
6 = Height of groundwater mixing zone [cm] 
I = Precipitation infiltration rate [cm/yr] 
W = Width of the source area parallel to the mixing zone [cm] 
Hc = Henry's Constant [cm3-H20/cm3-air] 
6as = Soil volumetric air content [cm3-air/cm3-soil] 
0WS = Soil volumetric water content [cm3-H20/cm3-soil] 
1^ = Soil sorption coefficient (k^*^) [cm3/g] 
ps = Soil density [g/cm3] 

Using this leaching factor, a soil RBSL (RBSLS) which is protective of groundwater 
to the appropriate groundwater RBSL (RBSLgJ for each fraction can be calculated 
using the following equation: 

RBSLW [mg/L-H20] 
(14) Soil RBSL       RBSL, [mg/kg-soil] =  —  

Fraction-specific RBSLs are then used to calculate "whole TPH" RBSLs as 
described in Section 4 of this report. 

Input Parameters 
Fraction-specific parameters are given in Tables 1 -2 and 1 -3 of this report. Other 
parameters used in calculation of the soil RBSL for protection of groundwater are 
as follows: 

Appendix B: RBCA Equations and Assumptions 
C-17 



TPH Criteria Working Group Field Demonstration 

Table B-4 Input  Parameters  for  Leaching  to  Groundwater  RBSL 
Calculations 

Parameter Units Default Value 

U*w cmlyr 2,500 

V cm 200 

I cmlyr 30 

W cm 1,500 

ea5 cm3-air/cm3-soil 0.26 

0ws cm3-H20/cm3-soil 0.12 

*oc gig 0.01 

Ps glcm3 1.7 

B.2.4   Direct Contact With Soils Pathway 
The direct soils contact pathway assumes that chemical intake results from a 
combination of ingestion, dermal absorption, paniculate inhalation, and vapor 
inhalation exposure routes. Generally, this pathway governs exposure due to 
contact with surface soils, though it may also be applied to contact with 
subsurface soils resulting from excavation, utilities installation, or other work 
performed in the subsurface. For subsurface applications, exposure durations are 
modified to reflect the actual duration of the work 

For the calculation of a "whole TPH" RBSL for the direct contact pathway, it is 
important to note that Cat will not limit exposure, as is discussed in Section 4.2, 
since the exposure which occurs is to the original contaminated media, not a 
media to which the contamination was transferred (e.g., water or air). 

Volatilization Factors 
Soil RBSLs for the direct contact pathway incorporate terms for inhalation of 
both particulates and vapors as well as ingestion and dermal absorption of soils. 

The surface soil "volatilization factor" for particulates is defined as follows: 

i P  W yp    r(mg/mJ-a;r),   _ e 

Surface Soil to Particulates      p   <»*'*s-*»")       Uajr Sair 

(15) Volatilization Factor 103 [cm kg] 
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where: 

Pe 
w 

=   Particulate emission rate [g/cm2-sec] 
=  Width or source area parallel to wind direction [cm] 
=  Wind speed above ground surface in ambient mixing zone [cm/s] 
=  Ambient air mixing zone height [cm] 

The volatilization factor for surficial soil to ambient vapors is defined as the lesser 
of the following two values: 

(16) Volatilization Factor - 
Surface Soil to,Vapors 

yp     |-(mg/m3-o/r)-|   _ Ps 

(mglL-H20) U    b air     air N 
DfHe 

TT[0    + kp   + H  0 ] x L   ws srs c      as* 

x  103 [cw3'^] 
m3-g 

or 

yp     |-(mg/m3-a)r)-|   _  Zl  x io3 [fULd«] ; whichever is less 
U_. Ö„... T n,3-g ntr       air 

where: 

Pe 
w 

*-, 
Hc 

e ws 

K 
Ps 

T 
Deff 

= Particulate emission rate [g/cm2-sec] 
= Width or source area parallel to wind direction [cm] 
= Wind speed above ground surface in ambient mixing zone [cm/s] 
= Ambient air mixing zone height [cm] 
= Henry's law constant [cm3-H20/cm3-air] 
= Volumetric water content in vadose zone soils [cm3-H20/cm3-soil] 
= Volumetric air content in vadose zone soils [cm3-air/cm3-soil] 
= Soil sorption coefficient (k^.*^) [cm3/g] 
= Soil bulk density [g-soil/cm3-soil] 
= Averaging time for vapor flux [sec] 
= Effective   diffusion   coefficient  in   soil   based   on   vapor-phase 

concentration [cm2/sec] (See Equation 3) 

Soil RBSL - Direct Contact Pathway 
These factors are then incorporated into an intake equation (similar to 
Equation 1) which is modified to include inhalation as well as ingestion and 
dermal absorption to yield a surface soil RBSL which accounts for all direct 
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contact pathways.   Thus, the RBSL for direct contact with soil (RBSLSS) is 
calculated using the following equation: 

(17) Soil RBSL for Direct Contact Pathway 

THQ x BW x AT  x 365 ^ 
RBSL    [-^-] = ££  

kg'S°" Ef x  ED     iO*±*V*~,*'UF.**'*M>"UFj>     +   (IRalr x (Wa * VFJ) 

RfD0 RfD, 

where: 
THQ = Target hazard quotient for individual constituents [unitless] 
BW    = Body weight [kg] 
ATn    = Averaging time for non-carcinogens [years] 
EF       = Exposure frequency [days/year] 
ED      = Exposure duration [years] 
IR^i,    = Soil ingestion rate [mg/day] 
IR^    = Air inhalation rate [m3/day] 
RfD0   = Oral chronic reference dose [mg/kg-day] 
RfD;   = Inhalation chronic reference dose [mg/kg-day] 
RAFd  = Dermal relative absorption factor [unitless] 
RAF0  = Oral relative absorption factor [unitless] 
VFp     = Surficial soils to ambient air partition factor [particulates] (see 

Equation 15 above) 
VFSS    = Surficial soils to ambient air partition factor [vapors] (see Equation 

16 above) 
SA      = Skin surface area [cm2/day] 
M       = Soil to skin adherence factor [mg/cm2] 

The target hazard quotient (THQ) for calculation of non-carcinogenic effects is 1. 
Reference doses are fraction-specific; a list of RfDs for each fraction is presented 
in Table 3-3. For the EC8-EC10 fractions, where two RfD values are given, the 
most conservative values (i.e., for the EC9-EC10 fraction) are used to evaluate 
risk. The relative dermal absorption factor (RAFd) is assumed to be 0.5, 
indicating that half of the material contacted is absorbed dermally; the relative 
oral absorption factor (RAF0) is assumed to be 1, indicating that all of the 
material ingested is available for absorption in the body. The skin surface area 
(SA) exposed to soil is the product of the total body surface area and the fraction 
of body exposed. The fraction of body exposed is dependent on the nature of the 
activity being conducted and the age and type of the individuals involved. 
Exposures via dermal contact are generally limited to certain parts of the body 
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(i.e., hands, forearms, head, neck, etc.). The soil adherence factor (M) is the 
density of soil adhering to the exposed fraction of the body. 

Receptor-specific exposure parameters are included in Table B-1 above. Fraction- 
specific parameters are defined in Tables 1-2 and 1-3 in the main text of this 
report. Other values used in this calculation are listed below in Table B-5. 

Note that this RBSL calculation applies to an individual compound only. Thus, 
a separate RBSL is calculated for each TPH fraction. The "whole TPH" RBSL is 
then calculated as described in Section 4 of this report. 

Input Parameters 
Fraction-specific parameters are given in Tables 1-2 and 1-3 of this report. Other 
parameters used in calculation of the soil RBSL for protection of groundwater are 
as follows: 

Table B-5 Input Parameters for Direct Contact RBSL Calculations 

Parameter Units Default Value 

Pe g/cm2-sec 2.2 x 10-10 

w cm 1,500 

uair cm/sec 225 

Öair cm 200 

0ws cm3-H20/cm3-soil 0.12 

eas cm3-air/cm3-soil 0.26 

foe g/g 0.01 

Ps g-soil/cm3-soil 1.7 

T sec 7.88 x 108 

RAFd — 0.5 

RAF0 — 1.0 
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Appendix E 

Commercial RBSLs 

E-l 



TPH Criteria Working Group Field Demonstration 

Table D-1  Commercial Exposure via the Soil Leaching to Groundwater 
Pathway 

Sample ID          j Total TPH* 
(mg/kg) 

RBSL 
(mg/kg) 

i 

Hazard Index 

Site 380A: 

380SB-02B-15 437 42,651 0.01 

380SB-02B-20 158 15,414 0.01 

380SB-02B-21 402 39,234 0.01 

380SB-02B-32 1,201 72,541 0.02 

380SB-02B-33 1,346 60,578 0.02 

Site 529: 

529SB-04-20 3,879              ' 166,046 0.02 

529SB-04-60 7,284 44,517 0.16 

529SB-04-80 5,175 41,743 0.12 

529SB-04-95 6,618 202,867 0.03 

529SB-05-20 8,350 77,745 0.11 

529SB-05-25 7,464 68,372 0.11 

529SB-05-50 8,332 48,838 0.17 

529SB-05-75 1,377 33,013 0.04 

529SB-05-77 1,943 29,049 0.07 

529SB-05-100 8,504 87,363 0.10 

NOTE: 
Total TPH = Sum of all fractions reported in Direct Method analysis, using Vi detection limit 
for non-detect results. 
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TPH Criteria Working Group Field Demonstration 

Table D-2 Commercial Exposure via the Direct Contact Pathway 

Sample ID          j 
i 

Total TPH*         ! 
(mg/kg) 

RBSL 
(mg/kg) Hazard Index 

Site 380A: 

380SB-02B-15       j 
I 

437 7,571 0.06 

380SB-02B-20 158 9,583 0.02 

380SB-02B-21 402 3,392 0.12 

380SB-02B-32 
1 

1,201 

1,346              | 

14,658 0.08 

380SB-02B-33 15,594 0.09 

Site 529: 

529SB-04-20 3,879 8,741 0.44 

529SB-04-60 7,284              ! 8,457 0.86 

529SB-04-80        j 
i 

5,175              I 9,470 0.55 

529SB-04-95 6,618 9,614 0.69 

529SB-05-20 8,350 8,280 1.01 

529SB-05-25 7,464 8,645 0.86 

529SB-05-50        ] 8,332 8,839 0.94 

529SB-05-75 1,377               \ 9,307 0.15 

529SB-05-77 1,943 9,175 0.21 

529SB-05-100       j 8,504 9,707 0.88 

NOTE: 
Total TPH = Sum of all fractions reported in Direct Method analysis, using V2 detection limit 
for non-detect results. 

E-3 

Appendix D: Commercial RBSLs 



TPH Criteria Working Group Field Demonstration 

Table D-3 Commercial   Exposure  via  Volatilization  to  Indoor and 
Outdoor Air 

Sample ID 
Total TPH* 

(mg/kg) 

RBSL 
Indoor 
(mg/kg) 

Hazard 
Index 
Indoor 

RBSL 
Outdoor 
(mg/kg) 

Hazard 
Index 

Outdoor 

Site 380A: 

437 

158 

402 

1,201 

1,346 

4,111 
--■ - - ----- - 

1,486 
. - .....  

3,782 

6,252 
--   - - 

6,004 

i- —  - - 
'       0.11 
.-.     - 

0.11 
...... 
0.19 

0.22 

>100% 

461,812 

>100% 

351,259 
... -   -. 

271,474 

NA 

0.0003 

NA 

0.003 

0.005 

380SB-02B-15 

380SB-02B-20 

380SB-02B-21     , 

380SB-02B-32    ; 

380SB-02B-33    ! 

Site 529: 

3,879 

7,284 

3,261 

2,379 

1.19 >100% 

473,444 

336,343 

>100% 

649,084 

572,225 

541,560 

197,671 

172,850    j 

732,229    j 

NA 

0.015 

0.015 

NA 

0.013 

0.013 

0.015 

529SB-04-20 

529SB-04-60 

529SB-04-80 

529SB-04-95 

529SB-05-20 

529SB-05-25 

529SB-05-50 

529SB-05-75 

529SB-05-77 

529SB-05-100 

3.06 

5,175 

6,618 

8,350 

7,464 
— —  1 

8,332 

1,377        j 

2,406 2.15 

5,669 ,,7 

3,174 

2,772 

2,175 

2,286 

2.63 

2.69 

3.83       j 
 ■, 

0.60       ! 0.007 

1,943        j 

8,504        ! 

2,001 

4,377 

0.97       j 

1.94       j 

0.011 

0.012 

NOTE: 
Total TPH = Sum of all fractions reported in Direct Method analysis, using Vi detection limit 
for non-detect results. 
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